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CHAPTER  XIV. 

NITROGENIZED  ANIMAL  AND  VEGETABLE  BEFUSE. 

It  will  be  noticed  that  the  nitrogenous  fertilizers  described  in 
the  foregoing  chapters  are  all  <'  active,"  as  the  term  is,  i.e.  they 
are  easily  assimilable  by  plants  and  are  capable  of  serving  di- 
rectly as  plant-food.  But  there  are  various  other  nitrogenous 
substances  employed  as  manures  which  are  much  less  active  and 
are  not  at  all  capable,  perhaps,  of  feeding  plants  untU  after  they 
have  undergone  changes  by  way  of  fermentation  or  decay  and  have 
been  converted  to  the  form  of  ammonia  or  of  a  nitrate,  or  of  some 
other  assimilable  compound.  It  is  noteworthy  that  several  of  the 
"  organic  nitrc^en  compounds,"  as  they  are  called  collectively, 
are  slightly  analogous  to  farmyard- manure  in  that  their  nitrogen 
gradually  becomes  available  for  feeding  plants  and  that  their  fer- 
tilizing action  is  felt  during  several  yeara.  It  is  not  impossible 
indeed  that  these  points  of  resemblance  to  farm-manure  may  be 
the  chief  reason  why  some  of  the  less  active  nitrogenous  matters 
continue  to  be  used  in  agriculture.  For  it  has  always  been  true 
that  many  old-fashioned  faimers,  accustomed  solely  to  the  use  of 
farm-manure  and  to  the  getting  of  several  crops  from  one  ^ood 
dressing  of  such  manure,  find  it  a  difficult  matter  to  bring  them- 
selves to  the  act  of  using  and  esteeming  quick-acting  fertilizers, 
like  guano  or  nitrate  of  soda,  which  do  their  whole  work  in  a  single 
season  and  leave  no  residual  strength  behind.  To  such  men,  the 
use  of  farm-manure  and  of  substances  such  as  bone-meal,  peat,  or 
even  flesh,  or  rags,  seems  to  be  less  risky,  or,  as  some  might  say, 
less  wasteful,  than  the  use  of  guano  and  nitrates ;  and  it  is  true 
enough  that,  when  judiciously  managed,  several  of  the  organic 
manures  may  do  very  effective  service.  In  hot  countries,  more- 
over, and  especially  in  those  subject  to  persistent  rains,  it  is  not 
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improbable  that  there  may  often  be  a  decided  advantage  in  apply- 
ing oi^anic  nitrogen  to  the  land  rather  than  nitrate-nitrogen. 

Fish' Scrap. 

It  has  long  been  enstomary  in  certain  localities,  to  employ  fishes 
of  one  kind  or  another  for  purposes  of  fertilization,  and  in  recent 
years  very  considerable  quantities  of  v-aluable  nitrogenized  manure 
have  been  procurable  in  commerce  under  the  name  of  fish-guano, 
or  fish-scrap,  or  fish-waste.  There  are  two  principal  kinds  of  fish- 
scrap,  viz.  the  Norwegian,  which  is  supplied  to  the  European  mar- 
kets, and  the  American,  which  is  made  and  used  in  this  country. 
The  Norwegian  article  is  to  all  intents  and  purposes  dried  fish, 
dessicated  codfish  so  to  speak,  only  that  it  contains  more  bone  than 
ordinary  dried  fish,  since  it  is  prepared  in  some  part  from  the 
heads  and  bones  that  accumulate  as  refuse  in  the  places  where 
fish  are  cured.  70  tons  of  it  were  exported  from  Norway  in  1860 
and  6600  tons  in  1877. 

The  American  fish-scrap,  on  the  contrary,  is  a  product  obtained 
incidentally  in  the  manufacture  of  oil  from  a  coarse  sort  of  hen*ing, 
called  the  menhaden,  or  pogy  (Alosa  menhaden) .  In  order  to  get 
their  oil,  the  pogies  are  boiled  in  water  to  a  porridge  or  thick  soup, 
which  is  pressed  in  a  mill,  just  as  ground  apples  are  pressed  in  the 
manufacture  of  cider.  In  this  way,  the  oil  that  was  contained  in 
tlie  fiesh  of  the  fish  is  squeezed  out,  together  with  most  of  the  wa- 
ter. On  standing,  the  oil  rises  to  the  surface  of  the  expressed 
liquid,  whence  it  is  dipped  off  for  sale,  while  the  pomace  or  residue 
left  in  the  mill  is  the  fish-scrap.  It  is  called  ^ '  pogy  chum  "  by 
the  fishermen.  Sometimes  the  pomace  as  it  comes  from  the  mills 
is  pressed  into  bari'els  for  transportation,  at  others  it  is  dried  in 
the  sun^  as  in  the  making  of  hay  from  grass,  and  occasionally  it  is 
simply  left  in  loose  heaps  to  heat  and  dry  out  of  itself.  In  rare 
instances  it  is  dried  artificially.  When  thoroughly  dried  and 
ground  to  a  fine  powder,  it  is  sold  as  ''  fish-guano."  But  there  is 
no  evidence  that  this  more  expensive  product  is  any  better  than 
ordinary  pulverulent  fish-scrap. 

According  to  Rein,  the  Japanese  also  obtain  oil  and  fish-scrap 
from  several  kinds  of  herrings  which  visit  their  coasts  in  great 
numbers.  They  spread  out  the  pomace  in  fields  to  dry  and  send 
it  into  commerce  either  loose  or  pressed.  They  use  the  scrap  for 
mauuring  tea-plants,  and  for  hastening  the  growth  of  young  cotton 
and  tobacco,  and  prize  it  highly  as  a  fertilizer. 
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The  amount  of  water  in  American  fish-scrap  varies  widely  ac- 
cording with  the  different  methods  of  treatment  above  mentioned. 
Ordinarily  the  sun-dried  scrap  contains  8  or  9  or  10  %  of  water; 
sometimes  as  much  as  12  %.  But  18  to  22  %  have  been  noticed 
in  merchantable  scrap,  and  occasionally  30  or  40,  or  even  50  %  of 
water  have  been  met  with  in  fresh  scrap.  It  may  here  be  said  that 
in  fresh  herring  Pay  en  and  Boussingault  found  76.6  %  of  water, 
and  2.74  %  of  nitrc^en,  while  in  salt  codfish  they  found  38  %  of 
water  and  6.7  %  of  nitrogen. 

In  this  country,  fish-scrap  has  hitherto  been  used  for  the  most 
part  by  manufacturers  of  fertilizers  for  mixing  with  superphos- 
phates, and  the  price  paid  for  the  scrap  has  commonly  been  deter- 
mined solely  by  the  quantity  of  nitrogen  contained  in  it,  which 
usually  ranges  from  6  to  8  %.  But  it  will  be  well  for  the  farmer 
to  remember  that  the  percentage  of  phosphoric  acid  in  the  scrap, 
viz.  6  or  7  % ,  is  nearly  as  high  as  the  percentage  of  nitrogen. 

On  the  other  hand,  an  analysis,  by  Arendt,  of  Norwegian  fish- 
scrap  gave  of 

Pwoent. 

Moisture 17 

Nitrogen 10^ 

Phosphoric  acid 4 

Organic  matter 72 

Ashes 11 

Other  samples  have  shown  more  phosphoric  acid  (13  to  15  %), 
and  less  nitrogen  (8|  to  9  ^).  Some  of  them  were  of  scrap  that 
had  been  steamed  to  remove  the  oil. 

The  difference  in  composition  between  the  Norwegian  fish-guano 
and  American  pogy-scrap  is  readily  explained  by  a  reference  to  the 
facts  that  the  two  products  are  derived  from  different  kinds  of 
fishes,  and  that  in  the  American  method  of  manufacture  the  fish 
are  boiled  and  pressed.  Much  nitrogen  is  contained  of  course  in 
the  watery  liquor  or  soup  which  is  pressed  out  with  the  oil  and  is 
necessarily  removed  from  the  scrap,  though  in  large  establish- 
ments, the  soup  is  evaporated  to  dryness  in  its  turn  and  put  to 
use.  The  menhaden  is  a  very  bony  fish  withal,  whence  the  high 
percentage  of  phosphoric  acid  in  the  American  product. 
Fish' Scrap  a  very  Cheap  Manure. 

American  fish-scrap,  such  as  that  above  described,  is  an  ex- 
tremely cheap  manure  for  some  kinds  of  crops.  It  can  usually  be 
bought  at  wholesale  for  $12  or  $15  the  ton,  and  seldom  or  never 
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costs  more  than  $18.  At  these  rates  its  fertilizing  constitaents 
come  at  very  low  prices,  the  nitrogen  in  particular  costing  less  per 
pound  than  so  good  an  article  can  usually  be  bought  for  in  its 
other  forms.  The  i-eason  why  this  is  so  appears  to  depend  on  the 
rather  unpleasant  odor  of  the  fish-scrap,  which  creates  a  prejudice 
against  it  in  the  minds  of  common  can'iers,  and  so  hinders  the 
transportation  of  small  parcels  of  the  material.  In  case  the  scrap 
costs  $15  the  ton,  and  that  a  ton  contains  120  lb.  of  phosphoric 
acid,  and  that,  for  the  sake  of  the  argument,  this  constituent  be  held 
to  be  worth  5  cents  the  pound,  then  there  would  be  $6  worth  of 
phosphoric  acid  in  the  ton ;  so  that,  even  if  there  be  no  more  than 
120  lb.  of  nitrogen  in  the  ton,  this  constituent  will  be  worth  ($15  — 
$6  »  )  $9.  That  is  to  say,  the  pound  of  nitrogen  will  come  at  13 
cents. 

Perhaps  it  would  be  fairer  to  argue  that  the  material  contained 
7  ^  of  nitrogen  instead  of  6  %,  as  in  the  foregoing  calculation. 
But  on  the  other  hand,  it  is  to  be  remembered  that  phosphoric 
acid  should  come  very  cheaply  nowadays  when  bought  in  the  form 
of  phosphatic  slag. 

Fish-Scrap  should  be  used  as  such. 

Any  farmer  so  situated  that  he  can  get  profit  by  using  fish-scrap 
should  buy  this  cheap  material  directly  from  the  fishermen,  and 
use  it  as  such,  i.  e.  under  its  own  name,  instead  of  paying  a  com- 
paratively high  price  for  it,  as  is  now  often  done  after  it  has  been 
admixed  with  superphosphates.  I  have  myself  found  fish-scrap 
to  serve  extremely  well  as  a  substitute  for  barnyard-manure,  when 
used  in  conjunction  with  wood-ashes  or  other  potassic  fertilizers. 
Fish-scrap  is  said  to  do  its  best  service  on  light  soils,  and  several 
European  writers  have  urged  that  it  may  properly  be  applied  in 
the  autumn  even  for  the  use  of  summer  crops  which  are  to  be 
sown  in  the  next  spring. 

Worth  oftJie  Nitrogen  in  Fish- Scrap. 

It  is  to  be  observed,  however,  that  the  nitrogen  in  fish-scrap, 
though  often  held  by  dealers  to  be  worth  18  or  20  cents  the  pound, 
or  as  much  as  the  nitrogen  in  nitrate  of  soda,  is  really  much  less 
valuable  for  the  farmer,  at  least  here  in  the  Noi-them  States.  In 
our  climate,  the  chief  part  of  the  fish-scrap  cannot  act  so  quickly 
as  the  nitrate  would.  More  or  less  time  is  needed  in  order  that 
the  scrap  may  ferment  and  that  the  nitrogen  in  it  may  by  this 
process  be  converted  into  ammonium  salts  or  nitrates,  or  some 
other  product  assimilable  by  plants. 
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There  is  usually  a  small  proportion  of  ammonia  in  the  scrap,  it 
is  true,  at  the  moment  when  it  is  applied  to  the  land,  though  not 
much.  On  the  other  hand,  there  is  no  evidence  that  all  the  nitro- 
gen in  the  scrap  ever  becomes  available  for  plants  in  any  climate. 
Herein  is  a  great  difference  between  true  chemical  compounds,  like 
ammonium  sulphate  or  like  nitrate  of  soda,  —  each  particle  of  the 
nitrogen  of  which  is  excellent,  and  as  good  as  any  other  particle, 
—  and  organized  substances,  such  as  fish,  or  flesh,  or  vegetable 
matters,  some  of  the  nitrogen  in  which  may  indeed  easily  become 
available  for  feeding  plants,  while  other  portions  are  always  liable 
to  remain  totally  unfit  for  this  purpose. 

Recent  experiments  by  S.  W.  Johnson  have  shown  that  a  larger 
proportion  of  the  nitrogen  in  freshly  cooked  menhaden  is  in  an 
easily  soluble  and  decomposable  condition  than  of  that  contained 
in  the  dried  and  ground  product  sold  as  ''  fish-guano."  Indeed, 
ordinary  menhaden  scrap,  as  obtained  from  the  fishermen,  is  better 
in  this  respect  than  the  more  thoroughly  dried  product.  The  pro- 
cess of  drying  appears  in  some  way  to  impair  the  solubility  of  the 
nitrogen  in  the  scrap. 

It  is  noticeable  that  in  the  American  fish-scrap  a  more  consider- 
able part  of  the  value  may  be  credited  to  phosphoric  acid  than  is 
the  case  with  the  Norwegian  product.  Thanks,  moreover,  to  its 
mechanical  condition,  and  to  the  fact  that  it  has  been  cooked,  it 
appears  to  be  a  manure  of  rather  quicker  action  than  the  Norwe- 
gian scrap. 

As  with  the  meal  of  steamed  bones,  so  with  fish ;  it  is  a  reason- 
able inference  that  their  flesh  may  act  more  quickly  as  a  manure 
after  having  been  cooked.  This  fact  appears  to  be  enforced  by 
some  field  experiments  made  by  Heuser,  who  applied  steamed  and 
plain  Norwegian  fish-scrap  to  a  strong,  well-drained,  but  raw  and 
crude  loam,  from  which  the  surface  soil  had  recently  been  removed. 
The  crop  was  barley,  and  it  grew  much  more  luxuriantly  where 
the  steamed  scrap  had  been  applied.  Heuser  argues  that  the  ad- 
vantage lay  in  the  easier  decomposition  of  the  steamed  product, 
and  not  in  any  superiority  as  regards  the  amounts  of  nitrogen  or 
phosphoric  acid  contained  in  it.  There  were  haiTested  from  the 
liectare  the  following  crops,  in  kilos :  — 

Oimin.  straw. 

No  manure  (mean  of  two  plots) 709  3J99 

Plain  fish-guano 1,297  4,367 

Steamed  fish-guano 1J04  6,032 
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Norwegian  Scrap  is  now  made  in  this  Country. 

Fish- manure  similar  to  the  Norwegian  article  is  even  now  manu- 
factured to  some  extent  here  in  New  England,  and  the  amount 
could  undoubtedly  be  increased  largely  if  there  were  any  quick 
demand  for  the  finished  material.  Thousands  of  tons  of  worthless 
fish  are  captured  every  year  at  the  fishing  stations,  that  is  to  say, 
fish  like  whiting,  skates  and  sculpins,  dog-fish  and  other  sharks, 
which  have  no  merchantable  value,  to  say  nothing  of  good  fish 
that  become  tainted  in  hot  weather,  or  of  the  waste  portions — 
heads,  fins,  entrails  and  bones  —  of  cod,  haddock,  halibut,  and 
the  like.  It  is  neither  a  difficult  nor  a  costly  matter  to  dry  and 
grind  these  waste  fish  whenever  the  farmers  care  enough  for  the 
product  to  make  it  worthy  any  one's  while  to  prepare  it. 

More  than  this,  very  large  quantities  of  the  worthless  fish  might 
readily  be  caught  on  purpose,  if  there  were  any  sufficient  demand 
for  fish-scrap  to  make  them  worth  the  catching.  Those  now 
caught  are  caught  against  the  fisherman's  wishes,  —  in  spite  of 
him,  in  fact.  There  is  a  never-failing  supply  of  fish  in  the  sea, 
where  there  is  an  almost  infinite  amount  of  room,  and  where  man 
has  small  power  to  annihilate,  or  even  to  thin  out,  the  migratory 
fishes. 

Fish-Scrap  Cheaper  than  Night-Soil. 

It  is  not  improbable  that  in  the  future,  when  the  increase  of 
population  shall  enforce  a  more  intelligent  agriculture,  the  drying 
of  fish-scrap  may  become  an  important  branch  of  industry.  It 
bears  even  now  very  curiously  upon  the  question  of  utilizing  the 
sewage  of  cities.  The  reproach  has  often  been  made,  that  the 
modem  system  of  removing  filth  from  cities  by  means  of  water- 
closets  and  sewers  flowing  to  the  ocean  is  wasteful,  unphilosophi- 
cal,  and  wrong.  But  it  appears  from  what  has  just  been  said,  that 
such  censure  is  hasty  and  ill-considered.  So  long  as  a  clean,  in- 
nocuous, and  concentrated  manure  can  be  got  from  the  sea,  in  the 
shape  of  fish-scrap,  at  less  cost  of  money,  comfort,  labor,  health, 
and  life  even  than  would  have  to  be  expended  in  transporting  the 
city  filth  to  the  farm,  or  in  converting  it  into  transpoitable  form, 
it  would  be  mere  folly  for  the  farmers  to  waste  their  enei^ies  upon 
the  sewage. 

In  speaking  thus  of  '^  health  and  life,"  reference  is  had,  of 
course,  to  diseases  traceable  to  stagnant  sewage,  and  to  the  va- 
rious ills  which  may  arise  from  the  Storing  of  excremental  matter 
about  houses,  or  from  using  it  upon  fields. 
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It  is  eyident  that,  so  long  as  nitrogen  and  phosphoric  acid  can 
be  obtained  more  cheaply  in  the  shape  of  fish-scrap  than  they  can 
be  got  from  the  filth  of  cities,  the  question  of  removing  this  filth 
does  not  even  come  within  the  domain  of  agricultural  inquiry.  It 
remains  a  civic  and  a  sanitary  question  merely,  and  has  little  or  no 
interest  for  the  farmer. 

There  are  localities,  no  doubt,  as  is  the  case  with  many  inland 
cities,  where  the  sewage  must  eventually  be  carried  to  the  land  in 
some  way,  simply  because  there  is  no  other  outlet  for  it ;  but  even 
here  it  has  often  been  found  to  be  cheaper  to  precipitate  and  dis* 
infect,  to  filter  and  aerate  the  foul  water  than  to  apply  it  directly 
to  land  on  which  crops  are  growing. 

The  Question  of  Salting  Fish, 

To  illustrate  how  entirely  the  possibility  of  using  any  manure 
must  depend  upon  the  cost  of  getting  it,  it  might  be  suggested  that, 
beside  the  method  just  now  alluded  to,  of  drying  fresh  fish  caught 
upon  the  spot,  some  system  of  salting  those  caught  at  a  distance 
from  the  fishing-towns  could  readily  be  devised,  so  that  the  facto- 
ries of  fish-guano  should  be  supplied  from  a  wider  area.  And  to 
this  end  cheap  chloride  of  potassium  from  Stassf urt  could  perhaps 
be  used  to  replace  common  salt,  so  that  potash  as  well  as  nitrogen 
and  phosphoric  acid  would  be  contaihed  ih  the  fish-guano,  which 
would  thus  become  a  less  special  manure  than  it  now  is.  Indeed, 
fish-scrap  thus  salted  could  be  classed  as  a  complete  manure.  But 
it  is  evident  that  the  question  whether  any  such  plan  could  ever  be 
put  in  practice  must  depend  upon  considerations  as  to  whether  the 
product  so  obtained  would  be  worth  to  the  farmers  as  much  as  tlie 
cost  of  bringing  it  to  them.  The  answer  seems  plain,  that  fish  thus 
salted  cannot  be  used  as  manure  because  the  cost  of  getting  them 
would  be  very  nearly  as  large  as  the  cost  of  getting  ordinary  edible 
salt-fish.  It  is  still  true,  however,  that  comparatively  cheap  ma- 
terials may  be  discovered  fit  for  preserving  fish  for  fertilizing  pur- 
poses ;  and,  in  any  event,  the  cost  of  drying  such  fish  would  be 
low.  It  was  in  fact  suggested,  some  years  ago,  that  fish  might 
readily  be  kept  fresh  for  three  or  four  days  by  sprinkling  them  with 
a  solution  of  ferric  chloride  or  of  ferric  sulphate,  strong  enough  to 
mark  45°  Beaum^.  An  amount  of  the  iron  solution  equal  to  5  ^ 
of  the  weight  of  the  fish  was  used,  and  the  fish  were  crushed, 
pressed  and  dried  in  due  course.  In  the  case  of  oily  fish,  the 
dried  product  was  leached  with  naphtha,  to  save  the  grease. 
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Of  late  years,  the  saving  of  fish-waste  for  agricultural  purposes 
tends  slowly  to  increase.  There  is  a  constant  demand  for  it  on  the 
part  of  the  manufacturers  of  the  so-called  ammoniated  superphos- 
phates and  of  formula  fertilizers,  i.  e.  mixtures  compounded  on  the 
basis  of  the  composition  or  supposed  needs  of  any  given  crop. 
Factories  of  fish-guano,  on  the  Norwegian  plan,  were  established 
long  ago  by  Frenchmen  on  their  islands  near  Newfoundland .  There 
are  several  such  factories  here  in  Massachusetts,  though  the  owners 
of  some  of  them  appear  to  find  it  more  profitable  to  operate  upon 
the  flesh  of  whales  than  upon  that  of  fish  proper.  So,  too,  as 
Nordenskiold  noticed,  the  Norwegians  bring  the  carcasses  of 
whales  from  Spitzbergen  to  the  guano  factories  on  the  Norwe- 
gian coast. 

Krocker  has  analyzed  whale-guano,  in  comparison  with  ordinary 
fish-guano,  as  follows :  — 

Norwegian  NorwegiaB 

Whale^iQAno.      Fiab-Oiuuio. 

Moisture 5.35  9.84 

Organic  and  volatUe  matters     .    .    .    62.35  56.18 

Ash  ingredients 32.30  33.98 

100.00  100.00 

Nitrogen 7.63  8.50 

Phosphoric  aoid 13.45  14.84 

Lime 16.49  15.96 

Magnesia 0.15  0.94 

Considerable  quantities  of  cod  and  haddock  scrap,  and  of  waste 
fish-also,  are  saved,  however,  both  at  the  factories  on  Cape  Cod 
and  at  Gloucester,  on  Cape  Ann.  The  prices  of  several  kinds  of 
fish- waste  are  quoted  every  day  in  the  reports  of  the  Gloucester  fish 
market.  For  example,  when  pogy-scrap  is  held  at  $12  the  ton, 
fish-waste  is  cited  at  $9,  and  liver-scrap  at  $6.  This  liver-scrap 
is  sometimes  sold  at  prices  as  low  as  $3  or  $4  the  ton  at  Glouces- 
ter. It  is  the  refuse  from  fish-livers  that  have  been  boiled  and 
pressed  to  remove  their  oil.  It  is  a  rather  soft  and  somewhat 
sticky  product.  Hitherto  it  has  seldom  cost  more  than  $12  the 
ton  at  Gloucester.  (Gregoi*y.)  A  sample  examined  in  England 
by  Voelcker  contained  26  %  of  moisture,  24  %  of  organic  matter, 
37  ^  of  insoluble  silicious  matter,  2.33  ^  of  phosphate  of  lime, 
and  1.7  %  of  nitrogen. 

A  sample  of  fish-waste,  sold  at  $16  the  ton  at  Gloucester, 
contained :  — 
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Water  ezpeUed  at  212<' F 8.25  % 

Nitrogen 7.00% 

Phosphoric  add '.    •    .    .    6.50  % 

It  consisted  of  skins,  fins,  and  back-bonee,  with  more  or  less  flesh 
attached,  as  taken  from  salted  cod  and  haddock  that  are  to  be 
packed  in  boxes  and  sold  free  from  skin  and  bone.  An  analo- 
gous product,  as  cut  from  half-cured  fish,  but  not  dried  by  arti- 
ficial heat,  could  be  bought  at  Gloucester,  at  that  time,  at  $3  or 
$3.50  the  ton. 

Long  ago,  Payen  and  Boussingault  found  6|  %  of  nitrogen  in 
salted  codfish  that  had  not  yet  been  dried,  and  contained  38  ^  of 
water;  and  almost  17  %  of  nitrogen  in  codfish  that  had  been 
washed  and  pressed,  and  dried  in  the  air,  so  that  it  contained 
only  10  %  of  water. 

On  the  coast  of  Maine,  more  or  less  of  the  refuse  from  herring 
and  mackerel  that  are  canned  or  packed  as  sardines  is  saved  now- 
adays, beside  great  quantities  of  the  menhaden  refuse,  as  above 
mentioned. 

Fish-Scrap  needs  to  ferment  in  the  Soil. 

It  is  to  be  noted  that  almost  the  whole  of  the  nitrogen  in  dried 
fish  is  in  the  form  of  organic  compounds,  which  need  to  undeigo 
decomposition  or  fermentation  in  order  that  the  nitrogen  may  be 
made  available  as  plant-food.  To  this  end,  moisture,  warmth  and 
air  are  necessary ;  and  these  conditions  may  be  fulfilled  by  bury- 
ing the  fish-scrap  not  too  deeply  in  a  mellow  soil,  in  warm,  but 
not  too  dry  weather.  It  has  been  said  in  Europe,  that  while  fish- 
scrap,  applied  in  late  summer  or  early  autumn,  is  a  good  manure 
on  light  land  for  wheat  and  for  rye,  it  has  little  significance  when 
applied  in  the  spring  for  barley  or  for  spring  wheat.  It  is  claimed 
that,  in  our  Southern  States,  fish-scrap  generally  gives  a  better 
account  of  itself  than  it  does  at  the  North ;  and  the  idea  is  proba- 
ble enough,  because  of  more  rapid  production  of  ammoniacal 
products  through  decay,  and  of  quick  nitrification  subsequently. 

Indeed,  Kellner  has  recently  shown  that  in  the  hot,  moist  cli- 
mate of  Japan,  fish-scrap  and  bone-meal  are  really  quick-acting 
and  powerful  nitrogenous  manures.  In  comparative  experiments, 
where  the  fertilizers  were  used  upon  a  light,  volcanic  soil,  and 
were  applied  to  barley  in  the  autumn,  at  the  time  of  sowing,  and 
all  at  once,  both  the  fish  and  the  bone  did  better  service  than  sul- 
phate of  ammonia  or  than  night-soil.     The  ammoniacal  manures 
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were  rapidly  changed  to  nitrates  which  were  washed  out  of  reach 
of  the  roots  of  the  crop  by  rain,  and  it  was  noticed  that  even  the 
virtue  of  the  fish  and  the  bone  was  exhausted  in  six  months'  time, 
so  rapidly  did  nitrification  run  its  course  under  favorable  climatic 
conditions.  So,  too,  in  rice-fields,  where  the  fish-scrap,  etc., 
acted  by  virtue  of  the  ammonia  produced  by  their  decomposition. 
Kellner  remarks  that,  in  warm  countries  of  abundant  rainfall, 
easily  assimilable  nitrogenous  fertilizers  have  far  less  significance 
than  in  cold  and  temperate  lands,  for  the  high  temperature  and 
abundant  moisture  so  favor  the  decomposition  of  organic  matters 
that  their  fertilizing  action  is  quickly  felt,  and  there  is  no  need  of 
using  the  more  costly  nitrates  and  ammonium  salts. 

In  view  of  the  different  climates  of  France  and  England,  it  was 
perhaps  not  unnatural  that  the  French  should  have  prepared  and 
used  fish-scrap  to  a  considerable  extent  some  years  before  the  Eng- 
lish paid  much  attention  to  it.  In  like  manner,  it  would  appear 
that  woollen  rags  were  formerly  held  in  special  esteem  in  France, 
though  it  is  true  that  they  were  freely  used  in  some  parts  of  Eng- 
land,  also,  for  certain  kinds  of  crops. 

Manifestly,  it  would  neither  be  wise  to  use  Norwegian  fish-scrap 
as  a  top-dressing,  nor  to  plough  it  under  very  deeply,  for  in  both 
cases  the  necessary  fermentations  would  be  interfered  with.  So, 
too,  on  close,  heavy  clays,  and  on  cold  ground  in  early  spring, 
there  would  be  small  reason  to  expect  quick  profits  from  fish-scrap ; 
but  when  applied  to  Indian  com,  on  good  mellow  land,  it  might  do 
Buperexcellent  service  in  warm,  summer  weather.  Probably  the 
best  way  of  using  fish-scrap  in  temperate  climates  is  in  conjunction 
with  not  very  heavy  dressings  of  farmyard  manure,  or  in  conjunc* 
tion  with  live  wood-ashes,  if  they  can  be  got. 

Fish'  Waste  preserved  by  Lime. 

A  method  of  saving  fish  refuse  by  means  of  lime,  which  was  em- 
ployed long  ago  in  France  by  H^rouard,  may  perhaps  be  worthy 
of  being  put  in  practice  sometimes  by  farmers  living  in  localities 
where  worthless  fish  are  obtainable  at  certain  seasons.  The  plan 
was,  to  mix  in  a  hogshead  tub,  layer  by  layer,  quicklime  and  the 
offal  obtained  in  cleaning  fish.  The  lime  will  slake  by  virtue  of 
the  moisture  of  the  fish  waste,  and  at  the  same  time  the  latter  is 
said  to  be  disaggregated.  On  throwing  the  mixture  into  heaps, 
and  finally  forking  it  over,  a  powdery  product  is  obtained.  Man- 
ifestly, the  lime  combines  chemically  with  the  flesh  to  form  an 
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albuminate  of  lime,  as  it  were,  which  is  a  body  little  liable  to 
putrefaction  or  change  when  dry.  Indeed,  the  limed  fish  may  be 
kept  as  well  as  fish  that  has  been  salted  and  dried. 

There  are  several  familiar  examples  of  analogous  compounds  of 
lime  and  organic  matter.  In  domestic  economy,  broken  crockery 
is  sometimes  mended  by  a  cement  prepared  from  lime  and  milk,  or 
lime  and  cheese ;  and  there  is  a  process  of  calico-printing,  in  which 
inert  coloring  matters  are  fixed  upon  the  cloth  by  causing  casein 
and  lime  to  combine  upon  them  to  form  a  product  insoluble  in 
water  which  clings  firmly  to  the  cloth,  — caseate  of  lime  it  might 
be  called. 

Scum  of  Sugar-houses. 

In  the  processes  of  sugar-making  and  sugar-refining,  lime  is  ad- 
ded to  the  cane  (or  beet)  juice,  and  to  solutions  of  brown  sugar 
also,  to  clarify  them.  It  acts  by  combining  with  and  rendering 
insoluble  various  albuminous  and  mucilaginous  substances,  which, 
if  they  were  left  in  the  juice,  would  be  apt  to  injure  it  by  bringing 
about  changes  and  fermentation  of  the  sugar.  There  is  obtained 
in  this  way  a  considerable  amount  of  waste  product  known  as 
<*scum,"  which  has  a  certain  small  value  as  a  fertilizer,  though 
the  compact  and  adhesive  condition  in  which  it  comes  from  the 
press  is  an  objection  to  its  use.  Thanks  to  the  great  excess  of  lime 
in  the  scum  it  has  a  strong  alkaline  reaction,  and  it  may  in  some 
localities  be  used  with  advantage  for  composting ;  one  plan  is  to 
soak  the  material  in  water,  to  stir  the  mixture  to  the  condition  of 
thin  mud,  and  to  throw  this  liquid  upon  the  peat  or  weeds  or  other 
matters  which  are  to  be  composted.  One  advantage  in  covering 
the  scum  with  earth  is  that  the  earth  hinders  ammonia  from  escap- 
ing as  it  would  do  if  the  scum  were  left  to  ferment  by  itself.  On 
this  account  it  is  well  also  to  plough  under  the  scum  speedily  in 
case  it  is  applied  directly  to  the  land. 

In  some  localities,  where  stiff  clay  soils  are  near  at  hand,  the 
scum  has  been  applied  to  them  directly  with  advantage.  Deh^rain 
mentions  a  French  farm  where  the  scum  is  applied  at  the  rate  of 
22  tons  to  the  acre.  Its  mode  of  action  in  this  instance  resembles 
that  of  lime,  the  clay  being  made  mellower  and  less  plastic  than  it 
was  originally. 

Sugar-scum  consists  chiefly  of  carbonate  of  lime  and  of  lime 
in  combination  with  organic  matter,  though  some  of  the  lime  is  still 
caustic.    That  from  beet-sugar  factories  is  said  to  contain  usually 
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from  1  to  2  %  of  phosphoric  acid,  and  about  0.25  ^  of  nitrogen, 
though  the  analyses  show  wide  variations.  For  example :  30  to  40 
to  50  %  or  more  water,  10  to  20  ^  or  more  of  organic  matter,  20 
to  40  %  or  more  of  ashes,  18  to  24  %  of  lime,  0.1  to  0.9  %  of  ni- 
trogen, 0.5  to  1 .3  ^  or  more  of  phosphoric  acid,  and  0.1  to  0.2  ^ 
of  potash.  A.  Mayer  reports  0.2  %  of  nitrogen  and  0.6  %  phos- 
phoric acid  in  Dutch  samples ;  and  he  remarks  that  in  cases  where 
phosphoric  acid  is  used  in  the  diffusion  process  the  scum  will  nat- 
urally contain  considerable  quantities  of  phosphate  of  lime.  Rif- 
fard  found  in  scum  obtained  on  adding  lime  to  juice  as  pressed 
out  from  sugar-cane  11.70  ^  of  protein,  and  14.46  %  of  ashes, 
which  consisted  of  6.16  lime,  3.83  phosphoric  acid,  0.85  oxide  of 
iron,  1.28  carbonic  acid  and  2.34  silica. 

According  to  the  U.  S.  Department  of  Agriculture,  fresh  press- 
cake  from  the  scums  of  cane-sugar,  as  prepared  from  cane-juice, 
contain  on  an  average  45  ^  of  water,  15.7  ^  of  ash,  3.5  ^  of 
phosphoric  acid  and  1.14  %  of  nitrogen,  or,  reckoned  on  the  dry 
material,  28.56  ^  of  ash,  6.33  ^  of  phosphoric  acid,  and  2.10  % 
of  nitrogen.  As  has  been  said,  already,  under  bone-black,  the 
scum  from  sugar  refineries  may  contain  considerable  quantities  of 
bone-black  and  of  coagulated  blood. 

Chaptal  noticed  long  ago  that  the  soft  scum,  when  taken  directly 
from  the  vats  and  applied  to  the  land,  is  apt  to  kill  plants ;  but  on 
leaving  the  scum  for  a  year  to  ferment  in  heaps  it  is  converted  in- 
to a  very  powerful  manure.  As  a  rule,  it  is  said  that  the  safest 
way  of  using  the  press-cake  is  not  to  apply  it  in  the  spring  while 
it  is  still  fresh,  but  to  use  it  in  the  subsequent  autumn,  after  it  has 
been  kept  long  enough  to  "ripen."  Latterly,  sugar-scum  tends 
to  be  neglected  as  a  fertilizer,  in  Europe,  because  the  effects  ob- 
tainable from  it  can  be  got  more  conveniently  by  means  of  phos- 
phatic  slag ;  though  there  can  be  little  doubt  that  there  are  many 
clayey  soils  where  the  scum  would  be  useful  when  used  in  con- 
junction with  farmyard  manure. 

The  remark  of  Chaptal,  in  his  Chimie  Appliqu^e  (I,  153),  that 
lime  forms  insoluble  compounds  with  almost  all  animal  and  vege- 
table substances  that  are  soft,  and  thus  destroys  their  power  of 
fermenting,  seems  to  have  had  no  little  influence  in  stimulating 
inventors  to  employ  lime  as  above,  and  for  preserving  night-soil 
and  clarifying  sewage  also,  as  will  be  explained  hereafter. 

One  point  remains  to  be  noticed  in  respect  to  the  nitrogenhced 
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manures  other  than  ammonia  and  nitrates.  A  Buccessful  grower  of 
tobacco  has  informed  me  that  he  gets  a  better  flavored  leaf  when 
he  manures  the  plants  with  fish-scrap,  flesh,  or  blood,  than  when 
he  uses  nitrates  or  ammonium  salts.  Here  is  seen  another  reason, 
among  many,  in  favor  of  using  several  varieties  of  manure  at  one 
and  the  same  time. 

Animal  Refuse. 

Beside  fish-scrap,  there  are  several  other  nitrogenized  fertilizers 
of  importance,  notably  dried  blood,  dried  flesh,  and  some  kinds  of 
oil-cake. 

All  kinds  of  animal  refuse  are  highly  nitrogenized,  and  some 
kinds  are  valuable  manures.  Thus,  there  are  several  matters  oc- 
casionally obtainable  at  the  farm,  such  as  the  intestines  of  ani- 
mals, bits  of  skin  and  flesh,  sinews  and  the  like,  which  are  of  value 
when  properly  composted  with  earth,  and  thus  brought  to  a  condi- 
tion in  which  they  can  be  subdivided  and  made  available  to  the 
plant. 

All  the  foregoing  substances  decompose  readily  in  moist  earth, 
and  might  be  applied  directly  to  the  plant  were  it  not  for  the  diffi- 
culty of  distributing  them  advantageously. 

There  is  another  set  of  substances,  such  as  horn,  hoofs,  hair, 
wool,  and  woollen  rags,  bristles,  feathers  and  leather,  which  though 
h^hly  nitrogenized  decompose  so  slowly  in  the  earth  that  they 
are  of  comparatively  little  value  when  applied  directly  to  the  land. 
Some  of  them  indeed  are  of  no  value  whatever.  In  order  to  de- 
rive much  advantage  even  from  the  best  of  them,  they  must  either 
be  allowed  to  ferment  in  the  compost  heap,  in  contact  with  dung 
or  urine,  or  with  powerful  chemical  agents  such  as  ashes,  or  pot- 
ashes, or  lime ;  or  they  may  be  boiled  in  potash  lye ;  or  any  of 
them  might  be  subjected  to  destructive  distillation,  either  alone  or 
admixed  with  an  alkali,  for  the  sake  of  the  ammonia  which  could 
be  obtained  in  that  way  as  a  product  of  their  decomposition. 

As  several  chemists  have  remarked  with  regard  to  leather,  it  is 
not  at  all  strange  that  this  substance  should  decompose  so  slowly 
in  the  soil  as  to  be  practically  worthless  as  manure,  for  it  is  a  pro- 
duct that  has  been  prepared  specially  and  purposely  to  resist 
decay. 

Voelcker  insisted  years  ago,  that  there  can  no  longer  be  the 
least  doubt  that  the  efficacy  of  the  nitrogen  which  is  contained  in 
any  given  manure  must  be  very  materially  affected  by  the  form  or 
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state  of  combination  in  which  this  nitrogen  exists.  ^'Anyone 
who  has  tried  side  by  side  nitrate  of  soda,  guano,  and  wool-waste 
must  have  felt  sarprised  at  the  different  degree  of  rapidity  with 
which  the  effects  of  these  three  fertilizers  are  rendered  perceptible 
in  the  field."  Upon  wheat,  for  example,  nitrate  of  soda  may  make 
the  young  plants  luxuriant  and  of  dark  green  color  in  the  course 
of  3  or  4  days,  while  with  guano  8  or  10  days  may  be  needed  to 
produce  similar  effects ;  and  wool-waste  may  give  no  evidence  of 
utility  even  after  the  lapse  of  4  to  6  weeks,  though  when  the  grain 
comes  to  be  threshed  out  some  increase  may  be  noted. 
Torrefied  Leather. 

It  has  often  been  thought  that  the  fertilizing  power  of  leather, 
or  the  like,  might  be  improved  by  subjecting  it  to  heat  strong 
enough  to  disorganize  it,  and  make  it  crumbly  and  friable,  without 
actually  destroying  it.  In  point  of  fact,  much  leather-scrap  is 
actually  treated  in  some  such  way  as  this  for  the  purpose  of  re- 
covering the  oily  matters  which  were  introduced  into  the  leather 
during  the  process  of  currying  it.  There  is  small  reason  to  doubt 
withal  that  the  powdered  product  has  been  employed  sometimes 
for  the  adulteration  of  nitrogenized  superphosphates. 

As  Reichardt  insisted  some  years  since,  leather-scraps  when 
subjected  to  the  action  of  hot  steam  in  a  close  boiler  become  hard, 
dry,  and  brittle,  and  can  then  be  readily  reduced  to  the  condition 
of  a  fine  powder. 

''  Leather-meal,"  prepared  in  this  way,  has  been  somewhat  used 
as  a  fertilizer  in  Europe,  and  has  been  found  to  differ  from  mere 
powdered  leather  in  that,  as  shown  by  experiments,  it  has  a  cer- 
tain small,  though  appreciable  feililizing  power,  while  the  original 
leather  has  none.  Petermann  found  7.51%  of  total  nitrogen  in 
meal  from  steamed  leather,  and  noted  that  0.43%  was  in  the  form 
of  ammonia;  there  was  0.81%  of  phosphoric  acid  also.  It  ap- 
pears also,  from  Morren's  experiments,  that  leather-meal  (from 
steamed  leather)  enters  into  putrefactive  fermentation  when  moist- 
ened, and  that  the  moist  material  evolves  offensive  odors  when 
kept  in  a  warm  place.  A  small  proportion  of  ammonia  is  pro- 
duced, and  considerable  quantities  of  soluble  nitrogenous  com- 
pounds, though  the  amounts  are  less  than  those  produced  from 
torrefied  horn-meal  under  similar  conditions. 

Instead  of  steaming  leather-scrap  in  boilers,  Coignet,  in  France, 
has  employed  the  cheaper  method  of  subjecting  it,  and  other  ni- 
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trogenouB  matters,  to  the  combined  action  of  steam  and  hot  pro- 
ducts of  combustion  from  a  coke  fire.  His  apparatus  is  so  ar- 
ranged that  the  leather  (or  horn,  or  rags,  or  refuse  from  the 
glue-makers)  shall  be  enveloped  during  several  hours  bj  a  mixture 
of  steam  and  chimney  air  at  temperatures  in  the  vicinity  of  300^ 
F.  Under  these  conditions  leather  (or  horn)  swells  somewhat, 
and  becomes  dry  and  friable  without  losing  any  of  its  nitrogen. 
Petermann  found  6f  ^  of  nitrogen  and  l^i%  of  phosphoric  acid 
in  a  sample  that  had  been  sold  in  Belgium  as  Ck>ignet's  fertilizer. 
It  is  evidently  with  reference  to  this  process  that  the  statement 
has  recently  been  made,  that  certain  manufacturers  of  fertilizers 
at  Paris  devote  themselves  particularly  to  the  preparation  of  tor- 
refied wool,  horn,  leather,  and  even  bone,  the  latter  having  first 
been  steamed  strongly  to  remove  oil  and  gelatine. 

Morren  has  studied  some  of  these  torrefied  products,  and  finds 
that  the  horn-meal  speedily  enters  into  putrefactive  fermentation 
when  kept  moist.  Some  ammonia  is  produced  during  the  putre- 
faction, as  well  as  a  quantity  of  soluble  nitrogenous  products.  It 
was  found  that  the  horn-meal  decomposed  much  more  readily  than 
the  leather-meal,  and  that  practical  men  prefer  it  to  the  leather- 
meal  as  a  fertilizer. 

Danguy's  estimations  of  nitrogen  in  14  samples  of  leather  from 
different  kinds  of  animals  ranged  from  4  to  7  % ,  and  S.  W.  John- 
son found  that  leather  chips  usually  contain  5  to  8  ^  of  nitrc^en. 
He  finds  also  that  ammonia  is  given  off  from  them  copiously  when 
they  are  boiled  in  strong  potash  lye. 

Beichardt  suggested  some  years  since,  that  it  might  be  well  to 
treat  the  powdered  leather-meal  (steamed)  with  a  weak  solution 
of  potashes,  which,  as  he  found,  is  capable  of  dissolving  nearly 
one  third  part  of  the  steamed  leather.  It  should  here  be  said, 
that,  previous  to  1860,  the  chemist  Runge,  in  Germany,  manu- 
factured an  artificial  fertilizer  upon  a  large  scale  by  boiling  leather 
scraps  and  woollen  rags  with  a  mixture  of  Glauber's  salt  and 
quicklime.  S.  W,  Johnson  reports  an  experiment  in  which  pow- 
dered leather  was  heated  with  more  than  its  own  weight  of  oil  of 
vitriol  and  the  product  was  neutralized  with  carbonate  of  lime  and 
then  tested  in  pots  of  earth,  in  which  Indian  corn  was  grown,  in 
contrast  with  other  kinds  of  organic  nitrogen.  In  this  experi 
ment,  the  nitrogen  in  leather  thus  treated  was  found  to  be  as 
available  as  that  in  dry  fish  or  i^  hoof-  and  horn-meal. 
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Composition  of  Mood  and  Flesh. 

Lean  flesh  contains  about  76  %  of  water,  3  to  4  %  of  nitrogen, 
0.5  %  of  alkali  salts,  and  0.5  ^  of  phosphoric  acid ;  or  in  a  ton, 
say  70  lb.  of  nitrogen  and  10  lb.  of  phosphoric  acid.  After  it  had 
been  dried  in  the  air,  Pay  en  and  Boussingault  found  in  it  8.5  % 
of  water  and  13  %  of  nitrogen. 

Fresh  blood  contains  about  80  %  of  water,  2.5  to  3  ^  of  ni- 
trogen, 0.5  %  of  alkali  salts,  and  0.25  ^  of  phosphoric  acid;  or 
in  a  ton,  say  55  lb.  of  nitrogen  and  5  lb.  of  phosphoric  acid. 

Dried  blood  is  an  article  of  commerce.  It  has  long  been  pre- 
pared in  France  for  exportation  to  the  sugar-growing  colonies, 
and  has  commanded  a  tolerably  high  price.  According  to  Gas- 
parin,  more  than  400  tons  of  it  were  sent  from  France  to  Guade- 
loupe in  the  year  1831.  In  1856  Stoeckhardt  told  of  its  being 
sold  at  the  rate  of  $3  or  $3.50  the  hundredweight. 
Preparation  of  Dried  Blood. 

For  obtaining  dry  blood  there  appear  to  be  two  methods  of 
procedure.  Either  the  fibrin  alone  of  the  fresh  blood  is  made  to 
cos^ulate,  by  some  system  of  shaking  or  stirring,  and  the  liquid 
serum  is  drawn  off  by  itself  and  evaporated  to  obtain  the  albumen 
in  it,  which  is  valuable  for  use  in  the  arts ;  or,  more  commonly, 
both  the  fibrin  and  the  albumen  in  the  blood  are  made  to  coag- 
ulate together  by  slightly  acidulating  the  blood  with  sulphuric 
acid  and  blowing  steam  into  it,  while  it  is  subjected  to  mechanical 
agitation.  In  this  case  the  clot  contains  almost  the  whole  of  the 
nitrogen  of  the  blood,  and  the  watery  liquor  which  separates  from 
the  clot  is  thrown  away.  But  in  either  event  it  is  the  solid  clot 
which,  after  having  been  dried  and  ground  to  powder,  is  sold  as  a 
fertilizer  under  the  name  dried  blood  or  blood-meal.  A  litre  of 
fresh  blood  is  said  to  yield  about  500  grams  of  clot,  containing 
170  to  200  grams  of  dry  substance  carrying  12  to  13  ^  of  ni- 
trogen. But  in  order  to  facilitate  the  drying  of  the  clot,  it  is 
mixed  with  small  quantities  of  other  matters,  whereby  the  propor- 
tion of  nitrogen  is  reduced  somewhat.  As  sent  into  commerce, 
the  French  product  (dried  blood)  contains  13  or  14  %  of  water; 
78  or  79  %  of  organic  matter ;  7  to  9  %  of  ash  ingredients ;  about 
12  ^  of  nitrogen ;  from  1  to  1|  %  of  phosphoric  acid ;  and  about 
I  of  one  per  cent  each  of  potash  and  lime. 

Ten  samples  of  blood-meal  examined  at  the  Miinster  experiment 
station  contained  from  8^  to  13^  %  of  nitrogen,  or  in  the  mean. 
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11}%.  Thirteen  samples  tested  at  Gembloux  gave  11.23  as  the 
mean  percentage  of  nitrogen.  It  is  not  only  a  powerful  manure 
in  the  chemical  sense,  but  is  in  an  excellent  mechanical  condition. 
It  is  dry,  fnable,  and  pulverulent,  has  hardly  any  odor,  and  may 
be  transported  and  .applied  without  trouble. 

In  this  country  dried  blood  is  usually  mixed  with  other  fertil- 
izers before  coming  to  the  farmer's  hands.  For  example,  it  is  said 
to  serve  extremely  well  as  a  "dryer"  for  some  kinds  of  super- 
phosphates which  would  be  left  damp  and  sticky  unless  something 
were  added  to  them  to  correct  a  certain  small  excess  of  sulphuric 
acid  which  has  to  be  employed  in  the  process  of  manufacture.  One 
very  old  plan  was  to  mix  blood  and  slaughterhouse  offal,  layer  by 
layer,  with  enough  sawdust  to  bring  the  wet  material  into  manage- 
able form.  The  moist  product  could  either  be  ploughed  under  di- 
rectly, or  made  into  compost  with  peat  or  sods.  Two  loads  of  the 
blood-sawdust  composted  with  three  loads  of  loam  were  said  to  be 
sufficient  for  an  acre  of  wheat.  It  was  thought  to  be  better  suited 
for  land  of  an  open  texture  than  for  tough  clays. 

Dried  blood  containing  as  much  as  10  or  12  %  of  nitrogen  and 
from  10  to  20  %  of  moisture  may  still  be  procured  in  this  country 
as  a  fertilizer,  though  in  the  article  commonly  sold  as  dried  blood 
by  the  dealers  in  manures  it  has  been  more  or  less  admixed  with 
other  kinds  of  animal  refuse.  Indeed,  it  is  said  by  some  manu- 
facturers of  fertilizers  that  it  has  been  found  impracticable  to 
keep  mere  dried  blood  for  any  length  of  time  unmixed ;  but  that, 
when  the  blood  is  thoroughly  mingled  with  dried  pulverized  meat, 
the  two  keep  perfectly,  with  no  perceptible  loss  of  ammonia. 
Blood  in  its  natural  liquid  state  is  a  quick-acting  manure  which 
admits  of  being  conveniently  applied  in  horticulture.  But  care 
should  be  exercised  that  neither  seeds  nor  young  plants  —  not 
even  potato  sets  -r-  can  come  in  contact  in  the  soil  with  any  con- 
siderable quantity  of  dried  blood,  or  of  fertilizers  that  contain 
blood,  lest  the  seeds  decay.  It  is  best  not  to  apply  blood  ferti- 
lizers in  the  drills  or  furrows,  but  to  strew  them  broadcast  and 
to  work  them  into  the  soil  thoroughly  before  the  crop  is  planted. 
Highly  favorable  results  are  said  to  have  been  obtained  in  prac- 
tice by  watering  young  fruit-trees  with  a  mixture  of  fresh  blood 
and  10  or  12  times  as  much  water. 

Field  Experiments  with  Dried  Blood. 

Petermann,   in  Belgium,  has  carefully  tested  the  fertilizing 
VOL.  n-j 
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power  of  dried  blood,  as  compared  with  that  of  nitrate  of  soda, 
upon  spring  wheat,  both  on  a  clayey  and  a  sandy  soil.  The  ex- 
periments were  made  in  quantities  of  earth  amounting  to  4  kilos, 
and  there  were  added  to  this  amount  of  soil  the  following  quanti- 
ties of  fertilizers,  either  one  at  a  time,  two  at  a  time,  or  all  three 
at  once,  as  stated  in  the  table;  viz.  0.25  grm.  nitrogen,  0.3  grm. 
phosphoric  acid,  and  0.2  grm.  potash. 

NiTBOOEN  AIjOKE. 

KImloff«tlU«r.  Or-S^'^  ^  Crop.  G».?"-' ^  Crop. 

No  manure .....  7.94  26.13  2.08  7.34 

As  dried  hlood     .    .    .  19.66  62.07  5.05  15.75 

As  nitrate  of  soda    .    .  20.14  64.39  7.51  27.02 

NlTBOQBN  AND  PHOBPHORIO  AOID. 

N  as  dried  blood  .    .    .    19.51  62.41  8.94  29.40 

N  as  nitrate  of  soda.    .    19.62  64.58  9.76  31.12 

NiTBOOEN,  PHOBPHOBIO  AoID,  AND  POTASH. 

N  as  dried  blood  .    .    .     19.44  63.17  12.19  34.78 

N  as  nitrate  of  soda .    .     19.80  64.81  12.93  36.97 

These  results  show  clearly  that  the  nitrc^en  of  dried  blood  is  a 
powerful  manure.  Although  the  nitrate  of  soda  was  superior,  on 
the  whole,  to  the  blood,  especially  on  the  light  land,  the  blood 
nevertheless  did  excellent  service.  The  nitrogen  both  of  the 
blood  and  of  the  nitrate  of  soda  increased  the  number  of  stalks 
of  wheat  and  the  size  of  the  ears ;  it  increased  the  yield  of  grain 
threefold,  and  more  than  doubled  the  yield  of  straw.  The  blood 
gave  decidedly  better  results  than  had  been  obtained  in  previous 
experiments  from  steamed  wool-waste,  and  very  much  better  than 
those  got  from  crude  wool-waste  and  from  leather-meal.  It  will 
be  noticed  that  the  addition  of  phosphatic  and  potassic  fertilizers 
to  the  nitrogenous  did  no  good  on  the  clay,  though  ^uch  additions 
were  of  considerable  use  on  the  light  land.  It  has  been  reported, 
indeed,  that  Petermann  has  found  that  the  wheat  crop  may  be 
doubled  on  certain  infertile  sands  in  Belgium  by  the  judicious  use 
of  dried  blood. 

In  England,  blood  composts  are  said  to  be  excellent  top-dressings 
for  either  grain  or  grass,  and  dried  blood  mixed  with  bone-meal, 
or  with  a  superphosphate,  has  often  been  found  to  do  good  service 
on  turnips. 

The  nitrogen  in  dried  blood  is  probably  worth  considerably  less, 
pound  for  pound,  than  that  in  Peruvian  guano,  though  of  course  it 
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is  worth  very  much  more  than  that  from  less  easily  decomposable 
materials.    In  the  opinion  of  some  observers,  the  nitrogen  in  blood 
is  worth  twice  as  much  per  pound  as  that  in  coarse  bone-meal. 
Blood  and  Lime. 

According  to  A.  Mueller,  any  fresh  blood  which  may  happen  to 
be  at  a  farmer's  disposal,  either  that  of  animals  slaughtered  at  the 
farm  or  that  obtained  from  a  neighboring  butcher,  can  be  readily 
saved  by  mixing  it  with  fine  peat  and  lime.  In  illustration  of  this 
idea,  he  stirred  50  grms.  of  ground  quicklime  into  250  grms.  of 
fresh  blood,  and  added  32  grms.  of  fine  peat-slack,  to  connect  the 
pastiness  of  the  mixture.  The  friable  product  was  odorless,  and 
it  dried  out  quickly.  In  another  trial,  Mueller  mixed  250  grms.  of 
fresh  blood  with  58  grms.  of  peat-slack,  and  noted  that  the  mix- 
ture was  nearly  odorless,  and  that  the  water  in  it  dried  out  readily, 
to  the  extent  of  71  %  the  weight  of  the  blood.  An  older  method 
of  procedure  was  to  use  lime  alone  without  the  peat.  The  blood 
was  thorouglily  mixed  in  a  shallow  box  with  4  or  5  ^  its  weight  of 
dry,  freshly  slaked  lime ;  the  mixture  was  covered  with  a  thin  layer 
of  the  lime,  and  left  to  itself  to  dry  out.  The  dry  mixture  may  be 
kept  for  a  long  while  without  change.  It  may  be  applied  to  the 
land  as  such,  or  it  may  be  added  to  a  compost-heap. 

To  test  this  matter,  Heiden  mixed  2,000  grams  of  sheep's  blood 
with  130  grams  of  freshly  slaked  lime,  and  covered  the  mixture 
with  a  thin  layer  of  the  lime  (1  %) ,  and  he  found  that  the  mix- 
tare  solidified  completely  in  the  course  of  24  hours.  During  the 
months  of  July  and  August,  he  left  the  mixture  in  a  room  where 
it  was  exposed  to  several  hours'  sunlight  every  day,  but  he  could 
not  perceive  that  it  underwent  any  change  excepting  that  the  odor 
was  a  trifle  less  perceptible  as  time  went  on,  and  that  a  very  hard 
crust  formed  on  the  surface  that  was  not  easily  cut  with  a  knife. 
Beneath  this  crust  the  material  was  less  hard ;  it  was  black,  and 
looked  like  undecomposed  blood.  Meanwhile  more  than  half  the 
moisture  originally  contained  in  the  blood  had  disappeared. 
Chandler's  Scrap, 

Several  varieties  of  dried  flesh  may  be  procured  from  the  deal- 
ers in  fertilizers.  One  well-known  product,  called  *'  greaves,"  or 
^*  cracklings,"  or  '^  chandler's  scrap,"  is  obtained  as  a  residuum  in 
the  rendering  of  tallow  and  the  preparation  of  soap-grease.  It 
consists  of  the  membranous  portion  of  the  animal  fat  or  suet, 
from  which  the  tallow  or  fat  proper  has  been  separated  by  melting 
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and  pressing.  These  greaves  occur  in  commerce  in  the  form  of 
large,  compact  cakes,  like  cheeses,  which  have  been  pressed  very 
strongly.  Payen  and  Boussingault  found  8  %  of  water  and  12  % 
of  nitrogen  in  a  sample  which  they  exannned. 

Formerly  it  was  no  very  easy  matter  to  break  up  or  pulverize 
one  of  these  cakes,  though  by  long  soaking  in  wa,ter  they  could  be 
broken  down  sufficiently  to  admit  of  the  flesh  being  applied  as  a 
manure.  Nowadays  the  cakes  are  made  thinner  and  much  more 
manageable.  Perhaps  one  good  way  of  pulverizing  the  cake  would 
be  to  pare  it  down  with  a  carpenter*s  drawing-knife  ?  Greaves  are 
said  to  have  been  used  to  a  certain  extent  at  one  time,  many  years 
ago,  by  the  manufacturers  of  superphosphates  for  reinforcing  their 
products.  They  are  used  for  feeding  dogs  in  England,  and  poul- 
try in  this  country.     Sometimes  they  are  given  to  swine,  also. 

More  than  a  hundred  years  ago,  an  English  writer,  Hunter,  in- 
sisted on  the  advantages  to  be  gained  by  composting  the  refuse 
scrap  left  by  whale's  blubber  from  which  the  oil  had  6een  boiled 
out.  This  material  might  be  described  as  a  particularly  foul  va- 
riety of  greaves.  One  plan  was  to  lay  down  a  bed  of  moor-earth 
a  foot  or  more  thick,  to  spread  upon  it  a  layer  of  equal  thickness 
of  long  litter  from  horse-stables,  and  above  that  a  layer  of  the 
whale-scrap.  By  repeating  these  layers,  the  heap  was  built  up  to 
a  height  of  six  feet,  and  was  topped  off  with  a  thick  covering  of 
moor-earth.  After  the  lapse  of  a  month,  the  heap  was  forked 
over  and  again  covered  with  earth,  with  the  result  that  a  second 
strong  fermentation  occurred.  The  operation  of  turning  was  re- 
peated at  proper  intervals  until  the  whole  heap  had  become  a  uni- 
formly putrid  mass. 

Before  the  cheaper  kinds  of  slaughter-house  refuse  were  to  be 
had,  damaged  greaves  offered  a  good  material  for  fermenting  peat 
in  compost  heaps,  and  they  were  on  that  account  worthy  the  at- 
tention of  farmers.  But  when  in  good  condition  greaves  are  worth 
too  much  as  an  article  of  fodder  ever  to  be  used  as  manure. 
There  are  many  farmers  in  this  country  who  might  find  their  ad- 
vantage in  using  this  material  for  feeding  hogs.  Corn-meal  by 
itself  is  too  starchy  and  too  little  nitrogenous  to  be  the  best  pos- 
sible food  for  growing  swine;  and  these  chandler's  scraps  will 
supply  just  what  the  maize  lacks. 

Tankojge. 

Under  the  name  of  tankage,  a  kind  of  flesh-meal  is  prepared  in 
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this  country  from  the  refuse  meat,  entrails,  and  other  offal  that 
accumulate  in  slaughter-houses.  These  materials  are  steamed  in 
tanks  to  remove  grease,  and  the  residue  is  heated  by  steam  in  a 
jacketed  iron  cylinder  and  stirred  continually  with  hot  rakes  until 
it  has  become  dry,  and  been  reduced  to  a  fine  mechanical  condi- 
tion. When  well  prepared,  this  product  should  contain  no  more 
than  10  or  12  ^  of  moisture,  though  sometimes  it  has  been  found 
to  contain  as  much  *as  30  % .  Usually  it  contains  more  water  and 
more  phosphoric  acid,  some  5  to  7  %  namely,  but  less  nitrogen, 
some  7  or  7^  ^,  than  pure  dried  blood.  Since  much  of  the  ni- 
trogen in  this  material  is  easily  decomposable,  it  is  to  be  regai*ded 
as  a  valuable  manure  on  land  moist  enough  to  encourage  fermenta- 
tion. 

As  has  been  stated  under  the  head  of  blood,  tankage  should  be 
thoroughly  admixed  with  the  soil  before  seeds  are  sown,  lest  it 
cause  them  to  decay.  It  had  better  be  applied  broadcast  and  be 
harrowed  in  rather  than  to  put  it  in  the  hills  or  furrows.  One 
effect  of  tankage,  which  is  true  also  of  dried  blood,  dried  fish  and 
cotton-seed-meal,  is  that  when  mixed  with  a  soil  the  rate  of  flow 
of  water  through  that  soil  is  greatly  retarded.  As  will  be  stated 
under  cotton-seed-meal,  the  surface  tension  of  water  is  very  con- 
siderably lowered  by  the  presence  of  tankage  and  similar  organic 
fertilizers,  so  that  the  capillary  lifting  power  of  soils  charged  with 
these  materials  may  be  lessened.  Thus  it  happens  that  the  in- 
judicious use  of  concentrated  organic  matters  in  a  dry  season  may 
«^bum  out"  the  land  and  make  it  drier  than  it  would  otherwise 
have  been,  although  their  judicious  use  in  favorable  seasons  might 
tend  to  make  the  soil  more  retentive  of  the  actual  rainfall.  (M. 
Whitney.)  Other  products  from  modem  slaughter-houses,  con- 
sisting of  mixtures  of  blood,  bone,  and  meat,  dried  and  powdered, 
have  been  found  to  contain  5  or  6  ^  of  moisture,  and  11  or  12  % 
of  nitrc^en.  In  some  cases  a  part  of  the  phosphoric  acid  in  this 
material  is  of  manifestly  poor  quality,  because  it  is  contained  in 
fragments  of  coarsely  powdered  teeth. 

Fleah  must  Ferment. 

It  is  to  be  remembered  that  flesh-meal  and  tankage,  as  well  as 
fish-scrap,  must  undergo  fermentation  before  the  nitrogen  in  them 
can  become  available  for  crops,  and  that  time  enough  must  be 
allowed  for  the  fermentation  and  the  conditions  be  made  favorable 
for  it.     When  properly  composted,  either  in  heaps  or  in  the  soil 
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itself,  flesh-meal  may  do  valuable  service ;  but  unless  the  conditions 
are  proper  and  the  fermentation  occur  at  a  suitable  time  the  ferti- 
lizer can  hardly  be  expected  to  yield  any  adequate  profit.  Eu- 
ropean experience  teaches  that  crops  grown  the  same  year  that 
flesh-meal  has  been  applied  as  such  to  the  land  are  apt  to  derive 
less  benefit  from  this  application  than  the  crops  of  the  succeeding 
year  get  from  it.  It  has  been  obser\^ed  also  that  flesh-meal  ap- 
plied in  the  autumn  does  more  good  to  grain' crops  than  when  it 
is  put  upon  the  land  the  next  spring.  Deh^rain  observed  that 
potatoes  dressed  with  flesh- meal  got  no  good  from  it  whatsoever. 
On  fodder-corn  it  did  some  good,  while  the  fodder-corn  of  the  next 
year  did  very  well.  Oats,  however,  grew  well  the  very  same  year 
that  flesh-meal  was  applied  to  them.  Wheat  sown  in  the  autumn 
after  the  potatoes  above  mentioned  grew  well  and  yielded  heavily, 
and  it  was  noticed  that  the  good  effect  of  the  former  dressing  of 
flesh-meal  was  felt  by  wheat-crops  during  several  succeeding 
years. 

Large  quantities  of  flesh-meal  from  slaughter-houses  at  Fray 
Bentos,  in  Uruguay,  where  Liebig's  extract  of  flesh  is  prepared, 
have  been  caiTied  to  Europe,  and  there  used  both  as  fodder  and  as 
manure.  Beside  residual  flesh  from  which  the  juices  have  been 
extracted,  this  product  contains  blood,  bone,  tendons,  etc.,  like 
many  of  the  other  kinds  of  flesh-meal.  Analysis  shows  that  it 
contains  5  to  7  <^  of  nitrogen,  and  from  13  to  20  %  of  phosphoric 
acid.  The  manufacturers  claim  that  it  contains  6  ^  of  nitrc^en, 
and  16  %  of  phosphoric  acid. 

It  may  here  be  remarked  that  in  silk-growing  countries  the 
larvae  in  the  cocoons  have  long  been  esteemed  as  a  powerful  ma- 
nure. It  was  the  custom  formerly,  after  the  silk  bad  been  reeled 
ofl!,  to  apply  the  cocoons  to  mulberries  and  other  trees  which  were 
sickly  and  in  need  of  refreshment.  (Chaptal.)  The  refuse  also 
from  places  where  silkworms  are  fed  is  a  powerful  nitrogenous 
manure.  It  is  a  mixture  of  the  dung  of  the  worms  and  the  frame- 
work of  the  leaves  they  have  eaten,  together  with  some  dead  worms. 
Boussingault  and  Payen  found  in  it  11.4  ^  of  water  and  3.3  ^ 
of  nitrogen.  In  the  chrysalides  of  silkworms  they  found  78.5  ^ 
of  water  and  1.9  %  of  nitrogen. 

Dissolved  Flesh-MeaL 

Some  European  manufacturers,  by  treating  the  South  American 
Hesh-meal  with  sulphuric  acid,  have  prepared  from  it  a  fei'tilizer 
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which  contains  about  12  ^  of  soluble  phosphoric  acid;  and  their 
process  might  evidently  be  applied  to  tankage  of  any  kind. 

The  French  Chemist  Girard  has  suggested,  as  a  sanitary  meas- 
ure, that  the  flesh  of  animals  which  have  died  of  contagious  dis- 
eases might  well  be  treated  with  cold,  strong  sulphuric  acid,  for 
the  purposes  of  destroying  germs  and  of  saying  fertilizing  matters. 
He  would  put  a  quantity  of  sulphuric  acid,  of  60**  Beanm^,  into  a 
wooden  tub  that  has  been  lined  with  sheet  lead,  and  would  throw 
the  carcass  of  the  animal  into  this  acid,  piece  by  piece,  taking  care 
to  keep  the  tub  covered  to  hinder  the  acid  from  absorbing  moist- 
-ure  from  the  air.  A  considerable  amount  of  heat  is  set  free  by 
the  action  of  the  acid  on  the  flesh,  so  that  the  fat  melts  and  rises 
to  the  surface,  whence  it  may  be  collected  and  put  to  use.  It  is 
said  that,  excepting  hoofs  and  horns,  which  dissolve  but  slowly, 
no  more  than  24  or  36  hours  are  needed  in  order  to  disaggregate 
or  '*  liquefy  "  an  animal.  According  to  Girard  the  action  of  the 
acid  does  not  much  slacken  or  become  enfeebled  until  something 
like  three-quarters  of  its  own  weight  of  flesh,  etc.,  have  been 
acted  upon.  After  it  has  become  saturated,  so  to  say,  with  flesh, 
the  acid  may  still  be  used  to  make  superphosphate,  by  mixing  it 
with  ground  rock  phosphate,  since  it  is  well  suited  for  this  pur- 
pose. 

It  is  to  be  noted  in  any  event  that  the  "solution *'  of  flesh  in 
acid  can  hardly  contain  any  very  large  proportion  of  fertilizing 
matters  for  —  as  Girard  estimates  — 100  lb.  of  the  original  carcass 
may  contain  no  more  than  some  2  lb.  of  nitrogen  and  1.5  lb.  of 
phosphoric  acid,  and  when  these  constituents  are  commingled  with 
the  large  quantity  of  acid  they  must  necessarily  be  considerably 
diluted.  In  an  experiment  where  9  sheep  weighing  altogether  204 
kilo,  were  dissolved  in  500  kilo,  of  the  acid,  the  product  contained 
0.722  %  of  oi^anic  niti*ogen  and  0.058  %  of  ammonia-nitrogen, 
beside  half  of  one  per  cent  of  soluble  phosphoric  acid. 

Girard  suggests  that,  in  case  a  process  of  this  kind  were  to  be 
employed  at  chemical  works,  or  by  municipal  authorities,  it  might 
be  well  to  provide  apparatus  competent  to  make  use  of  hot  sul- 
phuric acid,  and  to  thus  obtain  quicker  action  and  a  more  con- 
centrated "solution"  of  the  flesh.  If  this  were  done,  the  final 
superphosphate  would  be  proportionally  richer  in  nitrogen,  and 
7*ould  contain  some  ammonia,  also,  formed  by  the  action  of  the 
*  i>t  acid  on  the  flesh. 
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Flesh^meal. 

Another  kind  of  dried  flesh  is  made  in  Germany  from  dead 
horses,  and  from  cattle  that  have  died  of  disease.  It  is  sold  ex- 
pressly as  a  mannre  under  the  name  of  flesh-meal.  One  method 
of  preparing  it,  as  practised  in  Leipsic  some  years  ago,  has  been 
described  as  follows.  After  having  been  skinned  and  opened,  the 
horses  were  divided  into  four  pieces,  which  were  thrown  into  large 
iron  cylinders  arranged  to  act  as  Papin's  digesters.  Each  of  these 
cylinders  was  large  enough  to  receive  3  or  4  horses  at  once,  and  in 
these  receptacles  the  flesh  was  exposed  to  steam  for  8  hours  under 
a  pressure  of  2  atmospheres. 

By  this  long-continued  steaming,  the  whole  of  the  fat  in  the  car- 
casses is  extracted,  and  all  the  tendons  and  sinews  are  changed  to 
gelatine.  Even  the  smaller  bones  of  the  animals  are  softened. 
When  the  steam  is  Anally  shut  off,  two  layers  of  liquid  are  found 
in  the  digesters.  The  upper  layer  consists  of  soft  fat,  which  has 
a  well-established  value  in  commerce.  It  is  used  for  wheel-grease, 
for  making  soft-soap,  and  for  preparing  wool  for  spinning.  The 
lower  layer  of  liquid,  on  the  other  hand,  is  a  soup ;  that  is  to  say, 
it  is  a  solution  of  glue  contaminated  with  the  so-called  extract  of 
flesh.  It  is  evaporated  to  the  consistence  of  syrup,  and  sold  under 
the  name  "  bone-size,"  to  be  used  by  weavers  in  preparing  their 
thread  for  the  loom.  After  the  boiled  flesh  has  been  pressed,  it  is 
dried  in  a  kiln,  the  bones  are  picked  out,  and  the  flesh  is  ground 
to  powder  by  itself. 

The  factory  at  Leipsic  had  three  digesters,  and,  by  working  day 
and  night,  could  dispose  of  16  or  18  horses  in  the  course  of  24 
hours.  Practically,  it  did  use  up  some  1,500  horses,  150  cattle, 
and  500  hogs,  dogs,  and  sheep,  in  the  course  of  the  year. 

Another  factory,  a  Rheydt,  in  the  Rhine  region,  worked  off  an- 
nually from  1,000  to  1,200  head  of  horses,  and  a  few  hundred 
other  animals,  as  well  as  several  thousands  of  hundred-weight  of 
refuse  from  slaughter-nouses,  such  as  the  head  and  feet  of  sheep. 
The  meal  from  this  last  factory  has  been  analyzed  by  Karmrodt. 
He  describes  it  as  a  yellowish,  dry,  and  tolerably  flne  powder, 
having  a  slight  odor  of  incipient  putrefaction.  It  contained 
8.68  %  of  N,  and  7.53  %  of  P^Og. 

At  another  factory  of  the  same  kind,  near  Linden,  in  Hanover, 
bones  and  dried  flesh  were  ground  up  together.  Hence,  a  larger 
proportion  of  phosphoric  acid  in  the  meal.     From  an  analysis  by 


OIIrCAKE.  26 

W^icke  it  appears  that  flesh-meal  of  this  kind  contains  6^  ^  of 
nitrogen,  and  80  ^  of  phosphates,  which  may  perhaps  amount  to 
14  %  or  so  of  phosphoric  acid.  Hirzel  found  in  flesh- bone-meal 
from  a  factory  in  Munich,  7  %  of  moisture,  7.44  %  of  nitrogen, 
and  14.9  ^  of  phosphoric  acid.  Wolff  gives  for  average  flesh- 
meal,  as  sold  in  Germany,  9}  ^  of  nitrogen,  6|  ^  of  phosphoric 
acid,  and  28  per  cent  of  water. 

Dried  Garbage. 

In  many  American  cities  it  has  long  been  customary  to  keep  the 
offal  from  food  (*^  kitchen  waste  ")  separate  from  the  coal-ashes  and 
other  *^dry  dirt"  which  accumulates  in  houses,  and  to  have  it  re- 
moved by  special  scavengers.  Until  recently,  this  "  city  swill "  has 
been  used  for  feeding  hogs,  but  latterly  suggestions  have  been  thrown 
out  in  several  localities  thai  it  had  better  be  burned. 

In  the  following  plan,  proposed  by  Fleischmann,  and  put  into 
practice  at  Buffalo,  the  idea  is  to  destroy  all  offensive  and  dangerous 
matters,  by  subjecting  the  garbage  to  a  temperature  high  enough  to 
disinfect  it  thoroughly,  and  at  the  same  time  to  preserve  intact  the 
fertilizing  constituents,  and  to  recover  grease,  bones,  rags,  and  other 
merchantable  materials.  To  this  end,  some  5,000  lb.,  more  or  less,  of 
the  garbage  are  thrown  into  a  jacketed  cylinder,  which  is  heated  by 
steam  under  80  lb.  pressure,  and  are  there  stirred  continually  by 
means  of  a  hollow  rake  —  constructed  of  steam  pipes,  and  kept  full 
of  steam  at  the  pressure  above-mentioned — which  is  made  to  revolve 
within  the  cylinder.  By  means  of  a  fan,  the  vapor  which  arises  from 
the  garbage  thus  heated  is  drawn  out  into  a  special  chamber,  where 
it  meets  jets  of  spray,  or  sheets  of  water,  and  is  speedily  condensed. 
An  amount  of  water  equal  to  60%  of  the  original  weight  of  the 
garbage  is  thus  removed  from  it,  and  is  allowed  to  flow  into  the 
common  sewer. 

From  the  drier,  the  garbage  passes  into  an  automatic  extractor, 
where  the  grease  is  dissolved  out  by  means  of  benzene  applied  in  such 
manner  that  one  and  the  same  quantity  is  used  over  and  over  again, 
continually,  without  loss.  On  being  removed  from  the  extractor,  the 
material  falls  upon  a  series  of  screens,  which  sift  out  bones,  rags,  and 
other  coarse  substances,  and  there  is  obtained  a  dry,  pulverulent  fer- 
tilizer, rich  in  nitrogen  and  phosphoric  acid,  and  readily  salable.  At 
Buffalo,  on  treating  some  30,000  lb.  of  garbage  per  diem,  there  was 
recovered  1,800  lb.  of  grease  and  12,000  lb.  of  the  fertilizer.  It  is 
said  that  all  the  operations  are  odorless,  and  that  the  business  pays  a 
good  interest  on  the  Investment. 

Oil- Cake. 
In  order  to  obtain  the  oil  which  is  contained  in  certain  oily 
seeds,  such  as  flax-seed,  rape-seed,  cotton-seed,  or  the  like,  it  is 
customary  to  grind  the  seeds  to  powder,  to  place  the  meal  in 
coarse  bags  that  are  laid  between  warm  plates  of  iron,  and  to  sub- 
ject it  to  powerful  pressure.     After  most  of  the  oil  has  been  ex- 
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pressed,  a  residuum  known  as  oil-cake  is  left  in  the  bags  in  the 
form  of  a  thin,  hard,  flat  cake ;  after  having  been  ground,  it  is 
called  oil-meal.  Generally  speaking,  both  oil-cake  and  oil-meal 
are  worth  so  much  for  feeding  animals  that  they  should  not  be 
applied  directly  to  the  soil  as  fertilizers ;  but  in  countries  where 
few  cattle  are  kept  —  notably  in  China,  Japan,  and  the  south  of 
France  —  they  have  been  largely  employed  as  manures.  More- 
over, there  are  several  kinds  of  oil-cake,  such  as  those  from  the 
castor-oil  bean,  and  from  the  physic-nut  of  the  Cape  de  Verde 
Islands,  which  contain  some  purgative  or  medicinal  principle,  and 
are  consequently  unfit  to  be  used  as  food  for  animals. 
Castor  Pomace. 
Castor  pomace  is  a  merchantable  pi*oduct  in  this  country,  as 
that  from  the  physic-nuts  was  formerly.  At  one  time,  considera- 
ble quantities  of  these  nuts  were  expressed  in  Boston.  Castor 
pomace  usually  contains  some  5  or  6  %  of  nitrogen,  about  2  ^  of 
phosphoric  acid,  and  1  ^  of  potash.  It  is  said  that  some  tobacco 
growers  believe  that  castor  pomace  has  a  particularly  favorable 
effect  on  the  quality  of  the  tobacco-leaf,  which  cannot  be  produced 
by  other  nitrogenous  manures,  and  that  they  prefer  to  pay  a 
specially  high  price  for  nitrogen  in  this  form. 

As  compared  with  other  kinds  of  oil-cake,  the  value  of  a  ton  of 
castor  pomace  may  be  computed  as  follows :  — 

100  to  120  lb.  of  K  at  16  cents $15.00  to  $18.00 

40  lb.  of  P,O0  at  6  cents $2.40 

20  lb.  of  K,0  at  4jt  cents .90 

Say,  $18.00  to  $22.00 
As  with  the  other  kinds  of  oil-cake,  the  lai^e  amount  of  organic 
matter  contained  in  this  material  would  count  in  its  favor  as  against 
some  kinds  of  artificial  fertilizers  upon  gravelly  soils  that  are  not 
too  dry.  Cai-e  should  be  taken  to  keep  castor  pomace  in  places 
where  animals  cannot  get  at  it,  and  the  men  who  spread  it  should 
walk  with  the  wind,  for,  though  not  poisonous,  it  is  very  disagree- 
able for  the  eyes  and  mouth.     (Gregory.) 

Linseed  Cake. 
Linseed  oil-cake  usually  contains  about  5  %  of  nitrogen,  1|  % 
of  potash,  and  2^  %  of  phosphoric  acid.  It  is  evident  from  these 
figures  that  it  must  be  a  much  weaker  manure  than  guano,  with 
which  it  was  thought  worthy  at  one  time  of  being  compared.  A 
ton  of  Chincha  Island  guano  would  have  contained  2^  times  as 
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mach  nitrogen,  6  times  as  much  phosphoric  acid,  and  rather  more 
potash  even,  than  a  ton  of  oil-cake.  Hence,  unless  the  price  of 
oil-cake  were  considerably  less  than  half  the  price  of  such  guano, 
there  could  be  no  thought  of  using  it  directly  as  manure.  To  this 
day,  n^e-cake,  and  other  kinds  of  oil-cake,  are  esteemed  to  be 
valuable  manures  by  the  Japanese,  who  use  them  to  hasten  the 
growth  of  young  cotton  and  tobacco  plants.  Formerly,  both  rape- 
cake  and  linseed-cake  were  used  directly  as  manure  on  good  land 
in  Germany  and  in  England,  with  excellent  results  so  far  as  ap- 
pearances went.  At  first,  as  much  as  half  a  ton  to  the  acre  of 
broken  rape-cake  was  used,  but  on  pulverizing  the  cake,  and  drill- 
ing it  in  with  the  seeds,  it  was  found  that  500  or  600  lb.  to  the  acre 
were  sufficient,  and  800  lb.  came  to  be  regarded  as  a  heavy  dress- 
ing in  England.  According  to  Gasparin,  from  500  to  900  lb.  to 
the  acre  are  applied  in  the  ordinary  course  of  cultivation  at  the 
south  of  France,  though  for  hemp  as  much  as  1,400  or  1,500  lb. 
are  used.  He  has  himself  had  good  success  in  starting  lucern- 
fields  and  grass-fields  on  poor  land  which  was  manured  with 
nothing  but  oil-cake. 

Oil- Cake  on  Moist  Land, 

In  England  it  was  observed  that  oil-cake  gave  much  better  re- 
sults in  wet  than  in  di7  seasons, '  and  it  was  held  to  be  more 
serviceable  on  clays  and  other  moist  soils  than  on  those  which  are 
dry.  The  Iroken  or  powdered  cake  decomposes  readily  in  the 
earth,  except  in  very  dry  seasons,  so  that  no  preliminary  fer- 
mentation or  composting  was  strictly  necessary,  though  it  was 
occasionally  composted  with  thirty  times  its  weight  of  farmyard 
manure.  It  was  held  to  be  a  manure  of  quick  and  evanescent 
action,  which  seldom  did  much  good  to  more  than  the  single  crop 
to  which  it  was  applied.  It  was  often  used  by  itself  as  a  top- 
di*essing  for  grain,  or  it  was  drilled  in  with  wheat,  at  the  rate  of 
from  8  to  16  bushels  to  the  acre.  According  to  Hunter,  rape- 
cake  was  much  used  on  thin,  calcareous  soils  in  Yorkshire  (Eng- 
land) towards  the  close  of  the  last  century.  It  was  harrowed  in 
with  the  seed-grain  at  the  rate  of  32  bushels  to  the  acre  for  wheat, 
and  at  the  rate  of  24  bushels  for  barley.  Some  farmers  preferred 
to  mix  the  broken  cake  with  loam,  and  to  moisten  this  mixture  to 
incite  fermentation,  in  order  to  be  sure  of  quick  and  regular  action 
when  the  material  was  applied  to  the  crops. 

Lawes  and  Gilbert,  in  their  field  experiments  with  barley,  ap- 
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plied  to  Bome  plots  of  land  nothing  but  rape-cake,  year  after  year, 
at  the  rate  of  about  9  cwt.  per  acre  per  annum,  and  they  obtained 
in  this  way  crops  which  exceeded  the  average  barley-crop  of  the 
country,  though  the  yield  was  not  quite  equal  to  the  maximum  for 
the  soil  and  the  seasons,  as  obtained  by  means  of  farmyard  ma- 
nure or  by  mixtures  of  artificial  fertilizers,  supplying  a  somewhat 
smaller  quantity  of  nitrogen  than  was  contained  in  the  rape-cake. 
The  nitrogen  in  rape-cake  nitrifies  much  more  slowly  than  that  in 
ammonium  salts,  and  thus  does  not  supply  as  much  plant-food 
during  the  period  of  the  active  growth  of  barley  as  is  supplied  by 
nitrates  or  by  ammonium  salts ;  with  the  rape-cake,  nitrification 
extends  more  evenly  throughout  the  year,  and  nitrates  are  thus 
produced  when  they  are  not  wanted  (for  the  barley).  The  effect 
produced  on  the  soil  by  rape-cake  is  said  to  have  been  well 
marked.  In  the  course  of  years,  the  uppermost  9  inches  of  this 
soil  came  to  contain  a  higher  percentage  both  of  nitrogen  and  of 
carbon  than  any  other  plots  in  the  field,  excepting  only  those 
dressed  with  farmyard  manure. 

In  Flanders,  oil-cake  was  mixed  with  much  liquid  manure,  and 
suffered  to  ferment  therewith  before  it  was  applied  to  the  land. 
These  fermentations  were  doubtless  philosophical  enough  in  the 
days  that  preceded  the  use  of  guano,  ammonium  salts,  and  ni- 
trates ;  but  nowadays  the  farmer  can  buy  in  these  substances  ma- 
nures that  act  as  speedily  and  as  eflSciently  as  the  fermented  cake, 
and  which  arc  more  manageable  and  decidedly  less  troublesome. 
One  reason  why  the  composting  was  persisted  in  is  found  in  the 
fact  that  heavy  dressings  of  oil-cake,  when  applied  at  the  same 
time  with  seed-grain,  are  apt  to  ferment  so  quickly  and  powerfully 
that  the  seed  becomes  involved  in  the  process  of  decay,  and  is  de- 
stroyed. Perhaps  to  this  cause  may  be  attributed  the  sentiment 
of  French  farmers,  that  it  is  inadvisable  to  apply  oil-cake  contin- 
ually to  any  land  which  does  not  contain  an  excess  of  humus,  un- 
less the  cake  is  used  in  conjunction  with  strawy  manure,  or  in 
alternation  with  such  manure.     (Gasparin.) 

Fermentations  may  Injure  Crops, 

As  a  general  rule,  no  kind  of  fermentable  organic  matter  should 
be  put  into  the  soil  immediately  in  contact  with  seeds.  Even  after 
the  application  of  bone-meal,  it  is  well  to  wait  a  few  days  before 
sowing  seeds,  in  order  that  the  first  hot  fermentation  of  the  bone 
may  abate.     In  this  point  of  view,  it  may  be  questioned  whether 
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the  old  plan  of  drilling  in  rape-cake  together  with  seeds  was  wholly 
commendable.  As  Lawes  has  said,  '^  Organic  manures,  as  well 
as  those  which  are  chiefly  nitrogenous,  should  never  be  concen- 
trated near  to  the  plant  in  its  earliest  stages  of  growth,  but  only 
within  its  reach,  when,  under  the  immediate  influence  of  mineral 
manures,  the  young  plant  has  so  far  developed  its  organs  of  ac- 
cumulation and  its  healthy  vigor  as  to  be  competent  to  grow  faster 
than  the  natural  atmospheric  and  soil  resources  of  nitrogen  and 
carbon  enable  it  to  do." 

It  has  often  been  noticed  in  Europe  that  dressings  of  oil-cake 
are  specially  apt  to  do  harm  in  case  no  rain  should  fall  before  the 
seeds  have  started  or  while  the  plants  which  have  been  dressed 
with  the  oil-cake  are  still  young.  To  avoid  this  risk,  it  is  custom- 
ary at  the  south  of  France  to  wet  the  powdered  oil-cake  before 
applying  it  to  the  land,  while  in  other  disti'icts  the  rule  is  not  to 
sow  grain  until  10  or  12  days  after  applying  the  oil-cake.  Two 
explanations  have  been  offered  to  account  for  this  injurious  action : 
one  idea  is  that  in  a  dry  time  the  oil  in  the  fertilizer  may  smear 
the  seeds  and  hinder  them  from  germinating ;  while  others  have 
thought  that  perhaps  the  oil-cake  may  favor  the  multiplication  of 
hurtful  insects  which  molest  the  tender  plants. 

In  general,  the  action  of  oil-cake,  though  somewhat  slower  than 
that  of  guano,  was  found  to  be  quicker  than  that  of  bone-meal. 
The  following  experiment  of  Stoeckhardt  will  illustrate  this  point. 
The  crop  was  oats  grown  on  land  that  was  fairly  moist :  — 

Ji^Hlf^L  KU08  to  the  Hectare. 

"aiii?'  Grin.  ^'^^ 

No  manure 928  1,213 

Bono-meal 400  1,127  1,390 

^^:z':fa  ::::::  5S(    ».»*»    ^.^^ 

Kape-cake 400  1,872  2,387 

On  dry  land  there  is  no  sense  in  using  oil-cake  anyway  as  a 
fertilizer;  and  on  good  land,  except  in  very  dry  years,  the  chief 
part  of  the  fertilizing  effect  of  the  cake  is  felt  during  the  first  sea- 
son. German  obseiTers  have  estimated  the  effect  at  50,  80,  and 
20,  for  the  first,  second,  and  third  years. 

Lawes  insisted  long  ago  that  rape-cake  and  other  organic  ma- 
nures have  special  significance  for  fei*tilizing  turnips,  an  effect 
which  he  was  inclined  to  attribute  to  the  large  amount  of  carbo- 
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naceouB  matter  in  the  cake.  Indeed,  rape-cake  was  at  one  time  a 
good  deal  used  upon  turnips  in  some  places  in  England,  and  al- 
though there  was  an  impression  that  it  was  not  very  well  suited 
for  the  young  and  tender  plant,  it  was  thought  to  be  excellent  for 
turnips  after  the  crop  was  once  well  started.  Latterly  it  appears 
to  have  been  superseded  by  superphosphate  for  this  crop. 

When  applied  to  wheat  in  the  experiments  of  Lawes  and  Gil- 
bert, rape-cake  seemed  to  do  good  only  in  proportion  to  the  ni- 
trogen that  was  contained  in  it.  Thus,  100  lb.  of  the  cake  con- 
taining 5  lb.  of  nitrogen  and  80  or  90  lb.  of  carbonaceous  matter, 
gave  no  larger  increase  of  grain  than  an  ammonium  salt  which 
contained  5  lb.  of  nitrogen  and  no  carbonaceous  matter ;  but  when 
applied  to  turnips  the  rape-cake  had  a  decidedly  beneficial  efifect 
and  did  much  more  good  than  the  ammonium  salt. 
Rape-cake  vs.  Wire-worms, 

Rape-cake  has  long  been  used  in  England  as  a  means  of  protecting 
young  wheat-plants  from  the  attacks  of  the  wire-worm.  Thus  it 
has  been  directed  to  "  Apply  to  the  land  and  plough  or  harrow  well 
in  5  cwt.  of  rape-cake  crushed  into  half-inch  lumps.  The  wire-worms 
will  congregate  on  these  lumps  of  cake,  devouring  them  with  such 
avidity  as  to  become  glutted.  They  perish  either  from  repletion  or 
from  the  peculiar  properties  of  the  rape,  or  from  the  combined  effects 
of  the  two  causes.  Rape-dust  will  not  answer,  because  it  presents 
no  surface  for  the  worms  to  fix  themselves  upon.  .  .  Many  of  the 
lumps  of  cake  examined  were  found  full  of  the  defunct  and  expiring 
worms."     (Chamock.) 

The  idea  is  in  some  part  supported  by  a  practice  adopted  in  Eng- 
lish hop-gardens,  where  the  wire-worm  is  apt  to  be  a  great  pest,  viz. 
to  put  pieces  of  cut  potatoes  in  the  soil,  close  to  the  hop-plant  and  on 
both  sides  of  it,  in  order  to  attract  the  worms.  The  potatoes  are  taken 
up  every  morning  for  a  fortnight  at  the  critical  season  and  the  worms 
found  upon  them  are  destroyed.  As  many  as  a  dozen  worms  at  a 
time  have  been  collected  in  this  way  at  a  single  hop-plant. 

According  to  Lawes  and  Gilbert,  it  is  a  fact  that  when  rape-cake 
is  applied  to  wheat,  the  wire-worms  cease  to  eat  the  grain-plants  and 
feed  upon  the  cake.  Far  from  the  worms  being  killed,  however,  it 
was  observed  that  they  increased  to  an  enormous  extent  when  rape- 
cake  was  applied  to  the  land.  Possibly  it  is  to  this  protecting  in- 
fluence of  the  cake  that  should  be  credited  a  considerable  part  of  its 
efficacy  when  applied  as  a  manure. 

But  in  Cambridgeshire,  England,  rape-dust  appears  to  have  been 
drilled  in  with  wheat  rather  freely  at  one  time,  and  to  have  been 
preferred  to  top-dressings  of  nitrate  of  soda.  Alluding  to  this  prac- 
tice, Mr.  Pusey  has  said  that,  "Rape-dust  drilled  in  with  wheat  ap- 
pears to  be  most  efficacious  in  preserving  the  plant  on  those  light 
lands  where  it  is  apt  to  die  off  towards  the  end  of  winter." 

It  has  been  said  that  8  to  16  bushels  to  the  acre  were  generally 
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found  to  be  sufficient  on  wheat,  to  be  applied  either  at  the  time  of 
sowing  the  seed  or  by  drilling  it  in  between  the  rows  in  the  spring. 
It  was  thought  to  be  best  adapted  to  ordinary  heavy  soils  that  are 
well  drained  or  which  have  a  dry  subsoil.  A.  Young  has  reported 
highly  favorable  results  that  were  obtained  in  the  damp  climate  of 
Ireland  by  applying  rape-cake  early  in  the  spring,  at  the  rate  of  a  ton 
and  a  quarter  to  the  acre,  to  worn  out  grass-land.  Remarkably 
luxuriant  crops  of  grass  were  obtained.  In  ordinary  years  (in  Ire- 
land^ better  results  were  got  on  upland  fields  than  on  low,  wet  land; 
but  m  one  case  the  effect  of  the  fertilizer  was  not  great  when  it  was 
put  upon  the  lands  late  in  the  spring,  and  a  dxy  season  followed  the 
application. 

Cotton-seed  Meal. 

Cotton-seed  also,  and  the  cake  from  cotton-seed,  have  been 
largely  used  in  this  country  as  manures.  Indeed,  considered 
merely  as  a  manure,  cotton-seed-cake  is  somewhat  richer  than 
linseed-cake.  But  now  that  methods  have  been  devised  for  re- 
moving the  hulls  and  fuzz  from  cotton-seed,  this  cake  is  perfectly 
well  adapted  to  be  used  for  the  fattening  of  cattle.  Properly,  it 
must  henceforth  be  classed  among  foddering  materials  and  not  as 
a  mere  manure. 

From  the  average  of  many  analyses  of  the  normal  product  it 
appears  that  the  composition  of  cotton-seed-meal  is  somewhat  as 
follows :  — 

Percent. 

Water 8.00 

Oil 13.70 

Albuminous  matters 44.00 

Mucilaginous  and  saccharine  matters 21.60 

Woody  fibre 5.70 

Ash 7.10 

Nitrogen,  though  subject  to  considerable  variation,  about  ^    7.00 

Phosphoric  acid 2M00 

Potash li-2.00 

It  should  be  said,  in  parenthesis,  that  meal  from  undecorticated 
cotton-seed  is  still  not  infrequently  met  with.  It  is  of  darker  color 
than  the  normal  meal,  from  containing  fragments  of  the  black 
hulls,  which  can  be  detected  on  close  inspection.  Undecorticated 
meal  contains  considerably  less  nitrogen  than  the  decorticated,  and 
it  is  difficult  to  avoid  the  conviction  that  —  other  things  being 
equal  —  it  must  be  inferior  both  as  a  fodder  and  as  a  fertilizer,  to 
meal  from  decorticated  seeds.  It  must  often  happen  that  oil-cake 
prepared  from  undecorticated  cotton-seeds  will  contain  many  coarse 
pieces  of  the  hard  husks  and  be  open  also  to  the  reproach  of 
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(( wooUiuess,"  and  it  would  seem  at  first  sight  as  if  husks  and  fuzz 
must  necessarily  make  the  cake  less  easy  of  digestion  and  less  safe 
as  a  cattle- food ;  and  yet  it  is  true  that  in  many  places  at  the  South, 
the  mere  hulls  of  cotton-seeds  are  freely  used  for  feeding  cattle 
and  are  thought  to  be  valuable  for  this  purpose.  It  has  sometimes 
been  argued,  indeed,  that  the  cake  from  decorticated  cotton-seeds 
is  apt  to  be  unduly  hard,  and  that  this  objection  does  not  apply 
with  equal  force  to  the  undecorticated  cake.  But  when  ground  to 
meal,  as  is  usual  in  this  country,  the  question  of  hardness  would 
have  no  meaning.  Care  must  be  taken  of  course,  not  to  feed 
animals  upon  meal  or  cake  which  has  ''  heated"  or  fermented,  or 
which  is  mouldy  or  in  bad  condition,  and  it  is  essential  that  so 
rich  a  food  should  be  fed  out  with  moderation.  Much  interest 
attaches  to  the  fact  that  small  quantities  of  poisonous  soluble 
alkaloids,  "cholin"  and"  neurin,"  have  been  detected  in  cotton- 
seed-meal, as  well  as  in  beans  and  other  leguminous  seeds.  In- 
stances are  on  record  where  calves  9  to  12  months  old  sickened 
and  died  when  each  of  the  animals  got  rather  more  than  3  quarts 
per  diem  of  cotton-seed-meal  together  with  skim-milk,  hay,  and 
oil-cake. 

The  fertilizing  value  of  a  ton  of  cotton-seed-meal  may  be  com- 
puted as  follows :  — 

140  lb.  N  at  $0.15 $21.00 

50-60  lb.  PjO.  at  $0.06 $3.00-3.60 

80-40  lb.  E,0  at  $0.045 $1.35-1.85 

Say $25.00 

By  referring  to  the  column  of  prices  current  in  almost  any  city 
newspaper,  it  will  be  seen  that  undamaged  cotton-seed-meal  can 
often  be  bought,  even  in  the  Northern  States,  for  rather  less  money 
than  it  is  worth  when  considered  as  a  mere  fertilizer.  And  it  not 
infrequently  happens  that  damaged  lots  may  be  got  at  a  consider- 
able reduction  in  price,  so  that  nitrogenous  manure  may  be  had  in 
this  form  at  low  cost.  As  was  said,  cotton-seed-meal  should  by 
good  rights  be  used  as  fodder.  But  so  long  as  the  generality  of 
American  farmers  cannot  see  this  very  conspicuous  fact,  there  is 
no  reason  why  the  stuff  should  not  be  used  as  a  manure.  The 
supply  is  large,  and,  so  long  as  there  is  no  more  active  demand 
for  the  material  than  now  obtains,  the  price  of  it  must  continue  to 
be  low,  —  low  enough  to  put  even  the  sound  meal  in  the  category 
of  cheap  fertilizers. 
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Experience  has  shown  that  cotton-seed-meal  is  usually  as  good  a 
fertilizer,  as  regards  its  nitrogen,  as  either  dried  fish  or  flesh-scrap, 
provided  the  land  is  not  too  dry.  It  is  a  product  that  should  not  be 
lost  sight  of  by  farmers  who  wish  to  buy  fertilizers.  A  general  idea, 
of  the  mode  of  action  of  cotton-seed-cake  may  be  got  from  what  is 
known  of  other  kinds  of  cake.  Thus,  according  to  Lawes,  "  Bones 
either  crushed  or  finely  ground  are  less  rapidly  active  than  rape-cake, 
and,  like  rape-cake,  they  are  much  less  so  than  nitrate  of  soda,  am- 
monia-salts, or  guano.  .  .  When  rape-cake,  or  other  cake,  is  used  as 
manure,  a. considerable  portion  of  it  decomposes  pretty  rapidly  in  the 
soil,  and  the  more  so  the  lighter  and  more  porous  the  soil.  It  yields 
up  a  much  larger  proportion  of  its  nitrogen  and  other  manurial  con- 
stituents in  the  first  year  of  its  application  than  docs  farmyard  ma- 
nure; and  accordingly,  in  practice,  a  quantity  containing  one-fourth 
the  amount  of  nitrogen  of  an  ordinary  dressing  of  dung  would  be 
applied  to  produce  the  same  effect  on  the  first  crop.  On  the  other 
hand,  a  given  quantity  of  nitrogen  applied  as  rape-cake  would  be  less 
rapidly  available  and  effective  than  the  same  quantity  applied  as  ni- 
trate of  soda,  sulphate  of  ammonia  or  Peruvian  guano;  but  it  would 
be  less  liable  to  loss  by  drainage,  and  would  therefore  leave  a  larger 
proportion  as  unexhausted  residue  after  the  first  crop  than  either  of 
the  above-named  more  rapidly  active  manures."  Analysis  has  in 
fact  shown  that  a  large  proportion  of  the  nitrogen  of  rape-cake  is  re- 
tained by  the  soil  near  the  surface,  and  that  it  becomes  only  very 
gradually  available  for  crops  during  a  considerable  length  of  time. 

Cotton-Seed  as  a  Fertilizer. 

In  the  Southern  States,  much  cotton- seed-meal  is  used  nowa- 
days for  fertilizing  sugar-cane,  cotton,  and  com.  It  is  usually 
applied  there  at  the  rate  of  about  400  lb.  to  the  acre.  Formerly, 
the  actual  whole  cotton-seeds  were  much  used  as  a  fertilizer  at  the 
South,  care  being  taken  to  kill  the  seeds  by  causing  them  to  fer- 
ment and  heat,  either  in  the  soil  or  in  compost-heaps,  or  simply  in 
large  piles  that  were  kept  wet.  This  practice  was  akin  to  the  old 
Italian  method  of  manuring  olive  and  orange  trees  with  lupine 
seeds  that  had  been  boiled.  It  is  to  be  observed  also  that  lupine 
seeds  and  lupine  meal  have  occasionally  been  used  as  manure  in 
Russia  and  in  Germany,  much  in  the  same  way  that  cotton-seeds 
are  used  in  this  country.  Probably  one  good  way  of  destroying 
the  germs  in  such  cases  would  be  to  soak  the  seeds  in  diluted  sul- 
phuric acid.  This  idea  has  been  put  in  practice  for  preventing 
potatoes  from  sprouting  in  the  spring.  After  the  tubers  have  been 
immersed  in  dilute  sulphuric  acid  long  enough  to  destroy  the  ger- 
minative  power  of  their  eyes,  they  can  be  kept  through  the  spring 
months  without  risk  of  suffering  deterioration  by  sprouting. 

Some  farmers  still  maintain  that  for  certain  kinds  of  soils  cot- 
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ton-seeds  are  a  better  fertilizer  that  cotton-seed-meal.  And  M. 
Whitney  has  suggested  that  perhaps  the  oil  in  the  seeds  may  exert 
a  physical  effect  on  the  texture  of  the  soil,  i.  e.  it  may  alter  the 
arrangement  of  the  soil  particles  either  by  flocculation  or  the  re- 
verse. He  finds  in  fact  that  cotton-seed-meal  has  a  marked  effect 
to  retard  the  rate  of  flow  of  water  through  soils  and  that  both  the 
meal  and  the  seeds  lower  the  surface  tension  of  water  very  con- 
siderably, whence  the  result  that  soils  charged  with  these  sub- 
stances do  not  lift  the  capillai^  water  so  readily  us  they  would 
if  the  fertilizers  were  absent. 

Cotton-seed-meal  is  esteemed  in  some  parts  of  this  country  as 
a  manure  for  tobacco.  In  Connecticut,  this  crop  has  been  grown 
with  success  by  applying  per  acre  mixtures  of  1000, 1500,  or  2000 
lb.  of  cotton-seed-meal  and  500,800,  1000,  or  1500  lb.  of  cotton- 
hull  ashes,  together  with  200,  300,  or  500  lb.  of  lime,  in  case  the 
soil  is  not  calcareous.  For  cotton.  Prof.  Stubbs  of  Louisiana 
recommends  a  mixture  of  100  bushels  of  cotton-seed,  100  bushels 
of  farmyard  manure,  1  ton  of  superphosphate  of  lime  and  (if  the 
land  is  sandy)  1000  lb.  of  kainit,  to  be  applied  at  the  rate  of  from 
300  to  1000  lb.  the  acre. 

Indirect  Use  of  Oil-cake, 

The  composition  of  linseed  meal  is  about  as  follows :  — 

Old  Prooees.  New  Frooen. 

Per  Cent.  Per  Gent. 

Water 9.30  10.00 

Oil 5.70  3.60 

Albuminous  matters 34.50  33.00 

Mucilaginous  and  saccharine  matters    .    .    35.40  38.40 

Woody  fibre 8.70  9.00 

Ash 6.40  6.00 

The  value  of  this  material  as  a  fertilizer  is  manifest.  But,  as 
was  said  before,  much  the  best  way  of  utilizing  oil-cake  is  to  feed 
it  out  to  cattle  in  conjunction  with  the  rough  unmerchantable  fod- 
ders of  the  farm,  and  to  carry  to  the  fields  the  dung  obtained  from 
these  cattle.  On  many  farms  in  some  parts  of  the  Mississippi 
Valley,  for  example,  lai-ge  quantities  of  corn-stalks,  clover  haulm, 
and  straw  are  produced  as  incidental  products,  which  to  all  ap- 
pearance might  be  fed  out  to  advantage  on  those  farms  in  conjunc- 
tion with  cotton-seed-meal.  At  all  events,  it  could  hardly  be 
advisable,  on  such  farms,  to  buy  phosphates,  or  guano,  or  the 
other  commercial  fertilizers.     In  New  England,  mixtures  of  oil- 
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meal  and  maize-meal  are  advantageoasly  used  as  additions  to  the 
hay,  ensilage,  corn-stalks  or  other  roagh  fodder  on  which  milch 
cows  are  kept. 

The  manure  produced  by  cattle  fed  with  oil-cake  will  contain 
not  only  all  the  phosphoric  acid  and  potash  of  the  cake,  but  it  will 
be  rich  in  nitrogen  also.  It  will  contain  much  more  nitrogen,  for 
example,  than  manure  obtained  from  cattle  which  have  been  fed 
upon  nothing  but  hay.  Meanwhile  the  oil  and  the  albuminous  and 
starchy  or  saccharine  matters  in  the  cake  will  be  converted  into  fat 
and  flesh,  or  milk,  or  some  other  useful  product,  in  or  upon  the 
bodies  of  the  animals. 

It  has  been  noticed  in  the  experiments  of  Lawes  and  Gilbert, 
that  nitrates  are  formed  more  slowly,  and  that  they  continue  to  be 
formed  during  a  longer  time,  in  soils  which  have  been  dressed 
with  the  manure  of  animals  that  have  been  fed  with  oil-cake  or 
the  like,  than  they  are  in  soils  that  have  been  fertilized  with  am- 
monium salts.  Oil-cake  itself,  or  at  the  least  rape-cake,  although 
readily  changed  to  nitrates  in  the  field,  does  not  nitrify  so  rapidly 
in  laboratory  experiments  as  many  other  substances.  This  fact 
may  be  due  either  to  the  presence  of  matters  in  the  rape-cake 
which  cripple  the  nitric  ferment,  or  to  the  fact  that  the  nitroge- 
nous matters  in  the  cake  change  to  ammonia  less  rapidly  than  do 
those  in  some  other  subl^tances.  Lawes  and  Gilbert  have  found 
by  analysis  that  the  soils  of  those  fields  which  have  been  repeatedly 
manured  with  rape-cake  in  their  experiments  contain  larger  quan- 
tities of  nitrogen  than  any  of  the  fields  where  mineral  fertilizers 
or  minerals  mixed  with  nitrates  or  with  ammonium  salts  have  been 
used.  It  is  said,  moreover,  that  the  fertilizing  effect  of  oil-cake 
is  less  marked  on  stiff  soils,  which  are  unfavorable  for  nitnfication, 
than  it  is  on  lighter  land. 

Pichard  —  on  contrasting  mixtures  of  sand  and  cotton-seed- 
meal  with  mixtures  of  sand  and  vegetable  mould  of  different  kinds, 
which  contained  respectively  0.3  and  0.5  ^  of  nitrogen — found,  in 
laboratory  experiments,  that  the  nitrogen  in  the  cotton-seed-meal 
nitrified  more  rapidly  than  that  in  the  humus. 

Bran^  MaUSprouta^  Gluten-Meed  and  Brewers*  Grains, 

It  may  be  said  of  each  and  all  of  these  materials  that  they  are 
everywhere  so  highly  esteemed  as  fodders  that  they  are  seldom 
used  directly  as  manures.  But,  like  everything  else,  they  are 
liable  to  suffer  damage,  and  may  then  be  usefully  employed  as 
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fertilizers.  The  composition  of  bran  may  be  estimated  to  be  water 
13  %,  ash  5.5  %,  nitrogen  2.3  %,  potash  1.3  %  and  phosphoric 
acid  3  %  ;  that  of  brewers'  gi*ains  is  water  76  % ,  or  more,  ash 
1.2%,  nitrogen  0.9  % ,  phosphoric  acid  0.5  % ,  and  potash  no  more 
than  0.05  %.  Hence  in  a  bushel  of  the  grains,  weighing  60  lb., 
there  will  be  about  0.54  lb.  of  nitrogen,  0.3  lb.  of  phosphoric  acid 
and  0.03  lb.  of  potash,  which  could  hardly  be  worth  altogether  as 
much  as  ten  cents.  Ordinarily,  brewers'  grains  are  sold  at  a 
higher  price  than  this  sum  in  American  cities  on  the  seaboard, 
though  occasionally  the  price  falls  as  low  as  8  or  10  cents.  It 
will  be  noticed  however,  that  on  farms  where  brewers'  grains  are 
used  for  feeding  cows,  the  manure  obtained  from  them  may  com- 
pensate for  a  considerable  part  of  their  cost.  It  has  been  said  by 
an  English  writer  that  brewers'  grains,  applied  as  such,  "  form  an 
excellent  top-dressing  for  grass-land,  increasing  the  quantity,  im- 
proving the  quality,  and  accelerating  the  ripening  of  the  crop." 
Gluten-meal  may  contain  about  14  %  of  water,  about  0.75  %  of 
ash,  and  some  4  or  5  %  of  nitrogen. 

Malt-sprouts,  though  properly  to  be  regarded  as  fodder  and 
usually  employed  as  such,  have  not  infrequently  been  used  directly 
as  a  manure.  Analysis  shows  that  they  are  well  suited  for  this 
purpose,  for  they  contain  about  4  %  of  nitrogen,  2  %  of  potash, 
and  1.3  %  of  phosphoric  acid.  Ordinarily,  they  contain  from  5 
to  10  %  of  moisture  and  about  6  %  of  ashes.  They  were  esteemed 
in  England,  at  the  close  of  the  last  century,  as  a  good  dressing 
for  green  wheat,  being  sown  upon  it  very  early  in  the  spring,  as 
well  as  upon  clover  and  sainfoin  at  the  same  season.  In  wet  years, 
satisfactory  results  were  obtained.  (Banister.)  Gerpian  writers 
have  commended  them  for  potatoes,  when  strewn  in  the  furrows, 
and  they  are  said  to  do  good  service  on  sour  meadows.  Other 
accounts  state  that  malt-dust  has  occasionally  been  used  in  Eng- 
land for  top-dressing  wheat,  at  the  rate  of  from  30  to  50  bushels 
to  the  acre.  The  fact  that  it  is  a  powder  fit  to  be  strewn  upon  the 
land  was  of  importance  at  a  time  when  few  fertilizing  materials 
could  be  obtained  in  this  condition.  It  was  regarded  as  a  forcing 
manure  well  fitted  to  encourage  the  growth  of  grass  on  weak  spots 
in  hay-fields  and  for  pushing  forward  young  grain  which  had  suf- 
fered during  the  winter. 

The  marc  of  grapes,  i.  e.  the  residue  left  in  the  wine-press, 
was  found  by  Boussingault  and  Payen  to  contain  48  %  of  water 
and  1.7  %  of  nitrogen. 
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Wool. 

Woollen  rags,  and  powdered  wool  in  the  form  of  flocks,  shoddy, 
rag-wool,  and  the  like,  have  a  certain  not  very  well-defined  value 
as  manure.  Early  in  this  century,  Townsend  proved,  by  pot  ex- 
periments with  sand  and  with  clay,  that  woollen  rags  greatly 
promoted  the  growth  of  wheat  and  of  cabbages.  He  remarked 
that  in  England  such  rags  have  been  found  of  great  utility  as  a 
manure,  more  especially  for  wheat.  It  is  a  matter  of  practical 
experience,  he  said,  that,  when  spread  at  the  rate  of  4  or  5  cwt. 
to  the  acre,  they  nearly  double  the  crop  of  wheat  the  first  year, 
and  yield  a  visible  increase  in  the  two  succeeding  years.  In  Ox- 
fordshire, they  were  chiefly  applied  to  wheat  and  tares  on  light 
gravels,  but  their  tendency  to  produce  blight  when  used  too  often 
finally  rendered  them  unpopular.  They  were  esteemed  to  be  valu- 
able also  for  barley  and  oats,  and  they  were  used  extensively  on 
hop-fields.  In  1842,  Hannam  reported  that  20,000  tons  of  rags 
are  said  to  be  used  annually  by  the  farmers  of  Kent,  Sussex,  Ox- 
ford and  Berkshire.  The  price  is  about  £5  the  ton.  They  answer 
extremely  well  for  hops  and  wheat.  They  are  usually  cut  by  a 
chopper  into  shreds,  and  applied  by  hand  at  a  rate  of  half  a  ton 
to  the  acre.  According  to  Pusey,  6  or  7  cwt.  to  the  acre  would 
be  a  fair  dressing  for  wheat  upon  light  land.  They  were  seldom 
used,  he  says,  on  heavy  land. 

During  a  very  long  period  rags  were  freely  used  in  Central  and 
Southern  France,  and  in  Italy  also,  particularly  for  manuring 
grapevines  and  olive  and  mulberry  trees.  It  was  argued  that, 
because  of  their  slow  decomposition,  rags  and  other  analogous 
organic  matters  are  well  suited  for  fertilizing  grapevines,  since  — 
unlike  the  more  active  fertilizers  —  they  are  not  apt  to  occasion 
any  undue  development  of  leaves  and  twigs,  to  the  detriment  of 
the  fruit  and  to  the  quality  of  the  wine.  It  is  said  that  rags  are 
still  used  for  manuring  vineyards  in  the  south  of  France,  and  that 
the  price  of  rags  fluctuates  in  some  localities  with  the  price  of 
wine. 

Nessler,  in  Baden,  writing  in  1893,  says  that  the  best  use  to  be 
made  of  wool-dust  is  to  compost  it  wiUi  earth  and  to  strew  the 
mixture  in  the  spring  in  trenches  between  the  rows  of  grape- 
vines. But  in  England  and  America  nowadays  woollen  rags  com- 
mand so  high  a  price  from  the  manufacturers  of  cloth  that  they 
have  been  put  out  of  the  farmer's  reach.     Generally  speaking,  he 
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can  only  afford  to  use  some  of  the  refuse  matters  which  are  left 
after  the  better  portions  of  the  rags  have  been  separated  for  sale 
to  the  cloth-maker.  The  present  plan  is  to  tear  the  rags  to  shreds, 
which  are  mixed  and  carded  with  fresh  wool  or  with  cotton,  and 
finally  spun  and  woven  into  the  form  of  cloth,  or  the  cotton  in  the 
rags  is  removed  by  chemical  agents  and  the  wool  thus  obtained  is 
used  for  making  felt  and  for  various  other  purposes.  One  plan  is 
to  make  horse-blankets  by  pricking  the  revivified  wool  into  a 
strong  jute-cloth  and  then  shrinking  and  fulling  this  wool  until 
the  cloth  has  become  firm  and  hard  and  warm.  Flocks  also,  which 
is  a  trade  name  for  the  dust  of  wool,  are  made  into  cloth;  or 
rather,  the  wool-dust  is  incorporated  into  loosely  woven  woollen 
cloth  by  a  process  of  fulling  or  shrinking,  in  such  wise  that  the 
interstices  are  filled  up,  and  the  cloth  made  close  and  smooth  and 
heavy,  while  it  becomes  much  warmer  than  it  was  before,  because 
less  open  for  the  passage  of  air. 

Woollen  rags  were  formerly  of  much  better  quality  than  they 
are  nowadays,  because  they  were  then  free  from  the  enormous 
adulteration  with  cotton  which  now  prevails  among  all  kinds  of 
woollen  goods.  When  the  older  writers  on  agriculture  make  refer- 
ence to  woollen  rags,  they  mean  rags  which  were  really  composed 
of  wool,  that  contained  some  17  or  18  %  of  nitrogen,  whereas  it 
might  now  be  difficult  to  find  such  rags  anywhere.  As  met  with 
to-day,  the  rags  may  contain  some  10  to  12  ^  of  nitrogen,  or  200 
to  240  lb.  of  nitrogen  to  the  ton ;  and  if  it  were  true  that  this  ni- 
trogen was  directly  assimilable  by  plants,  or  readily  convertible 
into  ammonia  or  nitrates,  —  in  other  words,  if  it  were  true  that 
rags  were  a  quick-acting  manure,  like  guano,  —  they  might  still  be 
worthy  the  farmer's  attention,  even  when  sold  at  tolerably  high 
prices.  But  rags  are  not  by  any  means  so  quick  acting  as  guano. 
All  kinds  of  wool-waste  decompose  but  slowly  in  the  soil,  and  it 
was  on  this  account  that  a  rule  was  laid  down  formerly  that  rags 
should  be  applied  at  least  six  months  before  the  sowing  of  the 
crop  they  were  meant  to  benefit. 

The  more  finely  divided  the  material,  the  more  readily  will  it 
decompose  in  the  soil,  and  the  more  evenly  can  it  be  distributed. 
Hence,  if  the  amount  of  nitrogen  contained  in  the  materials  were 
the  same,  shoddy  or  shredded  wool  would  be  better  for  the  farmer 
than  rags ;  and  flocks,  which  are  rags  ground  to  fine  powder,  would 
be  better  still.     Probably  the  nitrogen  in  rags  would  be  worth  to 
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the  fanner  aboat  10  cents  the  pound.  Hence  a  ton  of  rags  that 
contained  10  %  of  nitrogen  would  be  worth  $20 ;  or,  stated  in 
simpler  terms,  woollen  rags  are  worth  about  a  cent  a  pound  for 
fertilizing  purposes.  More  than  100  years  ago,  Marshall,  writing 
of  the  hop-gardens  in  the  County  Kent,  said,  **  woolen- rags  are 
brought,  by  water,  from  London,  in  large  netted  bundles.  They 
are  sold  by  weight.  The  price,  in  1790,  was  about  five  pounds 
sterling  a  ton." 

Wool  Acts  Slowly. 

It  has  been  sufficiently  proved  by  European  experience  that 
woollen  rags  have  real  merit  as  manure,  in  spite  of  their  slowness 
of  action.  It  is  to  be  presumed  that  they  would  do  better  in  warm 
than  in  cold  climates,  and  on  light  and  porous  soils,  that  are  not 
too  dry,  than  upon  stiff  heavy  soils.  The  very  fact  that  in  field 
practice  rags  sometimes  did  little  good,  while  in  other  cases  they 
acted  as  a  powerful  manure,  goes  to  show  that  they  must  have 
fermented  more  or  less  readily,  according  to  the  character  and 
condition  of  the  land  on  which  they  were  placed.  When  used  by 
themselves  in  England  and  France,  they  decayed  so  slowly  that 
their  influence  was  sometimes  felt  during  7  or  8  years.  It  was 
held  to  be  better,  therefore,  to  mix  them  with  some  easily  putres- 
cible  substance,  like  urine  or  guano,  which  should  act  as  a  ferment 
as  regards  the  wool,  i.  e.  which,  while  undergoing  decomposition 
itself,  should  cause  the  wool  with  which  it  is  in  contact  to  putrefy 
and  decompose.  Some  years  ago,  Voelcker  mentioned  the  occur- 
rence of  samples  of  "  shoddy"  (?),  with  3  to  5  %  of  nitrogen, 
that  contained  some  20  to  25  ^  of  grease  which  hindered  air  and 
moisture  from  gaining  access  to  the  wool  hairs  and  for  a  long 
time  retarded  their  decomposition  in  the  soil.  In  France  con- 
siderable advantage  is  said  to  have  been  derived  formerly  from 
rags  thus  used  in  conjunction  with  liquid  manures.  Probably  it 
would  be  better  to  compost  rags  with  dung  even,  than  to  apply 
them  directly  to  the  land. 

An  experiment  by  Pusey  upon  mangolds,  as  set  forth  in  the 
following  table,  well  illustrates  the  merit  of  woollen  rags,  when  the 
land  is  in  such  condition  that  the  fermentation  of  the  rags  ia 
favored :  — 

M.Tinwi  f>»  a^  A  i...  Toni  of  Cleaned 

Manure  to  tbe  Acre.  Beet-rooto.  per  Acre, 

26  loads  of  farm  manure 28.5 

13  ditto 27.5 
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M«.»»toth.Aer..  bJM.'^TS. 

13  loads  and  7  cwt.  of  rags 36.0 

13  ditto  and  3  cwt.  of  guano 36.0 

13  ditto  and  7  cwt.  of  rape-cake 27.0 

13  ditto  and  14  bushels  of  bone-meal 26.0 

7  cwt.  of  rape-cake 20.5 

14  bushels  of  bone-meal 20.0 

3  cwt.  of  guano 20.5 

No  manure 15.5 

It  is  noteworthy  how  little  good  was  done  by  the  double  <Jo8e 
of  farmyard  manure  and  that  neither  rape-cake  nor  bone-meal, 
when  used  in  conjunction  with  dung,  produced  any  useful  effect. 
It  is  known,  however,  from  the  results  of  other  experimenters,  that 
root-crops  and  particularly  beets  often  succeed  well  when  dressed 
with  manures  which,  like  woollen  rags,  are  rich  in  organic  matter. 

Wool-  Waste. 

"  Wool- waste  "  which  contains  some  14  %  of  water  and  from  2 
to  7  %  of  nitrogen,  or  about  3|  %  on  the  average,  is  still  used  in 
France  and  Belgium.  It  is  said  to  be  ploughed  under  in  autumn 
at  the  rate  of  1,500  to  2,200  lb.  to  the  acre.  Wolff  has  given  the 
average  composition  of  wool- waste  as  5.2  %  nitrogen  and  1.3  % 
phosphoric  acid,  and  Heiden  cites  several  instances  where  7  %  of 
nitrogen  were  noted.  The  average  of  30  analyses  of  wool-waste 
made  at  Dahme  in  the  course  of  6  years,  gave  4  ^  nitrogen  and 
0.6  %  phosphoric  acid.  Only  5  of  the  samples  contained  more 
than  6  ^  of  nitrogen,  and  one  sample  contained  less  than  one  per 
cent. 

In  England,  wool-waste  has  been  used  with  success  upon  wheat 
on  light  land  at  the  rate  of  half  a  ton  to  the  acre ;  and  it  has  been 
found  beneficial  for  grass  also.  Sometimes  this  waste  is  used  as 
an  absorbent  for  the  liquid  excrements  of  men  or  animals.  An 
analysis  of  materials  taken  from  a  vault  where  wool-waste  had 
thus  been  used  showed  27  %  of  water,  2  %  of  organic  nitrogen, 
1  %  of  ammonia,  1^  %  of  phosphoric  acid,  1.1  %  of  potash,  and 
7^  %  of  lime.  A  sample  of  Belgian  wool- waste  that  had  been  baked 
in  a  retort  to  concentrate  it,  and  make  it  friable  and  easy  of  ap- 
plication, contained  rather  more  than  4  %  of  organic  nitrogen,  1  % 
of  nitrogen  in  the  form  of  ammonia,  and  11  %  of  water. 

In  an  experiment  by  Voelcker,  where  wool-waste  was  used  for 
top-dressing  wheat  on  a  calcareous  clay  soil,  no  visible  effect  was 
produced  by  it  for  a  long  time ;  but  finally  the  appearance  of  the 
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crop  improved,  and  though  it  never  acquired  such  a  deep  green 
color  as  the  crops  gi'own  on  plots  top-dressed  with  nitrate  of  soda 
and  ammonium  salts,  yet  the  yield  of  grain  was  at  the  rate  of  39 
bushels  to  the  acre  against  $1  with  manure,  and  40,  44  and  45 
with  guano,  sulphate  of  ammonia  and  nitrate  of  soda,  respectively. 
In  this  country,  some  farmers  have  found  it  profitable  to  prepare 
composts  by  fermenting  wool-waste  together  with  peat, 

Petermann's  analysis  of  a  muddy  material  which  separates  from 
the  water  in  which  wool  is  scoured,  and  which  contains  the  me- 
chanical impurities  that  have  been  removed  from  the  wool,  showed 
49  %  water,  }  %  nitrogen,  J  %  potash,  and  ^  %  phosphoric  acid. 
His  analysis  of  »*wool  poudrette,"  which  is  an  extremely  fine 
powder  that  separates  during  the  beating  of  wool,  gave  9  ^  water, 
3  ^  nitn^en,  0.85  %  phosphoric  acid  and  0.67  ^o  potash. 
Steamed  Wool-waste. 

In  Belgium  and  France  wool-waste  is  often  subjected  to  steam, 
under  pressure,  in  order  to  concentrate  and  enliven  it  and  to  ob- 
tain a  homogeneous  friable  product  that  can  readily  be  applied  to 
the  land.  When  heated  by  steam,  the  waste  melts  to  a  liquid 
which  yields,  on  evaporation,  a  dark  brown,  somewhat  hygroscopic 
powder,  with  an  odor  like  that  of  caramel  and  well  nigh  completely 
soluble  in  water.  In  Belgium  this  product  is  sold  as  a  fertilizer 
under  the  name  of  ^'dissolved  wool.'*  It  may  contain  from  9  to 
11  ^  of  total  nitrogen  and  as  much  as  2.5  ^  of  nitrogen  in  the 
form  of  ammonia.  Nearly  the  whole  of  the  nitrogen  in  the  steamed 
waste  is  soluble  in  water.  Some  of  it  occurs  doubtless  in  the 
form  of  leucin  and  tyrosin  and  of  analogous  compounds. 

It  was  to  be  presumed  from  the  foregoing  facts  that  the 
steamed  waste  must  have  considerable  fertilizing  power,  and  the 
experiments  of  Petermann  have  proved  that  this  is  actually  the 
case.  His  trials  were  made  both  in  pots  and  in  the  field,  and  he 
contrasted  the  steamed  waste  both  with  crude  wool-waste  and  with 
nitrate  of  soda,  equal  weights  of  nitrogen  being  applied  in  each 
instance.  The  soil  was  a  good  sandy  day-loam,  and  the  crops 
were  spring  wheat  and  sugar-beets.  On  some  of  the  plots  and  in 
some  of  the  pots  precipitated  diphosphate  of  lime  was  mixed  with 
the  earth,  but  in  other  cases  none  of  the  phosphate  was  applied. 
In  the  following  tables  the  yield  of  wheat  is  given  in  grams,  as 
from  4000  grms.  of  soil,  and  that  of  beets  is  given  in  kilos.,  as 
from  a  hectare  of  land :  — 
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ani.{*.«»  wiiA^  N®  Phosphate.  With  Phom>h«te. 

spring  wneat.  q^^^         T^talCrop.  Grain.         Total  Civp. 

No  manure 14.79           58.82  ...  ... 

Wool-waste 17.26            62.18  17.59  63.33 

Steamed  waste    .    .    .    18.41           67.55  19.81  69.48 

Nitrate  of  soda    .    .    .    20.39          '73.33  20.45  70.73 

Beets.  Roots.  Increaae. 

No  nitrogen 28,573  .   .  . 

Wool-waste 31,744  8,171 

Steamed  waste 37,408  8,836 

Nitrate  of  soda 42,204  13,631 

It  is  evident  that  the  steamed  waste  did  good  service  both  apon 
the  wheat  and  the  beets,  and  that  it  is  a  better  fertilizer  than  crade 
wool-waste,  though  decidedly  inferior  to  nitrate  of  soda. 

The  question  arose,  whether  the  solubility  of  the  nitrogen  com- 
pounds in  the  steamed  waste  might  not  lead  to  a  rapid  loss  of  this 
nitrogen  in  the  water  that  drains  out  from  land  to  which  it  has 
been  applied  ?  But  analyses  of  the  drain-waters  showed  that  hardly 
any  more  nitrogen  went  to  waste  from  the  soil  dressed  with  steamed 
waste  than  from  that  to  which  no  manure  had  been  applied. 

According  to  S.  W.  Johnson  some  animal  matters  which  yield 
glue,  such  as  bone,  tendons,  cartilage,  hide  and  the  various  in- 
testinal membranes,  are  rendered  less  soluble  and  less  digestible 
by  cooking  or  steaming,  while  others,  such  as  wool,  hair,  horn  and 
hoof,  are  made  more  soluble  by  such  treatment.  The  glue  pro- 
duced by  the  action  of  hot  water  or  steam  on  the  substances  first 
named  impregnates  the  undissolved  matter  so  that  on  drying  the 
pores  of  materials  are  filled,  and  the  porosity  of  the  mass  is  so 
nearly  destroyed  that  it  ferments  and  decays  but  slowly. 
MetTiods  of  Decomposing  Woollen  Rags. 

Mention  has  already  been  made  under  leather  of  Runge'  s  method 
of  decomposing  rags  by  means  of  alkalies,  i.  e.  by  boiling  the 
woolly  materials  with  sulphate  of  soda  and  quicklime.  His  pro- 
cess was  as  follows  :  3  lb.  of  quicklime,  1  lb.  of  sulphate  of  soda, 
and  96  lb.  of  water  were  used  for  every  8  lb.  of  the  rags,  and  the 
mixture  was  boiled  during  3  or  4  hours.  In  the  factory,  where 
the  operation  was  conducted  in  a  boiler  under  an  extra  pressure 
of  ^  to  1  atmosphere,  the  decomposition  of  the  rags  was  more 
rapid. 

Manifestly  an  analogous  process  might  be  employed  by  farmers 
here  in  New  England,  which  would  consist  in  simply  boiling  wool- 
len rags,  refuse  from  woollen  mills,  waste  hair  from  tanneries  (or 
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bones,  hoofs,  and  boms),  in  a  weak  solution  of  potasbes,  or  in  a 
lye  obtained  by  leaching  wood-ashes,  though  as  a  matter  of  course 
some  ammonia  would  be  evolved  and  lost  when  wool  is  boiled  with 
an  alkali. 

Maercker  has  proposed  that  powdered  rags  and  wool-waste 
should  be  decomposed  by  mixing  them  intimately  with  slacked 
lime,  in  the  form  of  a  fine  powder.  He  uses  10  or  12  lb.  of  the 
lime  for  every  100  lb.  of  wool-dust.  If  need  be,  some  moist  earth 
may  be  added  during  the  mixing.  The  mixture  is  made  into  a 
heap  half  a  foot  or  so  high  and  thoroughly  moistened  with  water. 
Another  layer,  of  equal  height  with  the  first,  is  thrown  upon  it 
and  similarly  moistened,  and  so  on  until  the  heap  has  risen  to 
a  convenient  height,  when  it  is  covered  with  earth  and  left  to  fer- 
ment during  2  or  3  months  of  summer  weather.  Its  contents  will 
then  be  found  to  be  thoroughly  decomposed  and  in  fit  condition 
to  be  put  upon  the  land.  It  is  essential,  however,  that  the  heap 
should  be  kept  moist  in  order  that  the  lime  may  act  both  upon  the 
grease  and  the  fibre  of  the  wool ;  for  dry  lime  has  little  or  no  ac- 
tion upon  these  substances. 

Hoffmann  proposed  some  years  since  to  boil  wool  or  the  like  in 
caustic  lye,  obtained  by  leaching  wood-ashes  through  lime,  and  to 
add  milk  of  lime  to  the  '^  soup."  The  lime  would  unite  with  the 
dissolved  wool  to  form  a  jelly  from  which  the  revivified  potassic 
lye  could  be  poured  off  and  used  again  and  again  for  dissolving 
new  portions  of  wool.  In  this  way  a  comparatively  small  quan- 
tity of  potash  lye  could  be  made  to  dissolve  much  wool  refuse,  and 
convert  it  to  a  fertilizer. 

Separation  of  Wool  from  Cotton. 

A  process  patented  in  Europe  some  years  since  for  decomposing 
woollen  rags  and  hair,  and  for  separating  them  from  cotton  or 
linen  paper  stock,  consisted  in  boiling  100  lb.  of  the  rags  for  an 
hour  in  weak  milk  of  lime,  prepared  from  10  lb.  of  quicklime  and 
600  lb.  of  water,  and  then  beating  out  the  disorganized  wool  from 
the  cotton  or  linen.  Another  process  woi*th  mentioning  was  pro- 
posed in  England  some  years  ago  by  Ward.  In  order  to  save  the 
paper-stock  in  rags  of  mixed  composition  (wool  and  cotton,  or 
silk  and  cotton) ,  and  the  seams  cut  from  woollen  rags,  i.  e.  seams 
which  had  been  sewed  with  cotton  or  linen  thread,  the  material 
was  exposed  to  steam  of  from  8  to  5  atmospheres  pressure  during 
2  or  3  flours ;  the  wool  in  the  rags  was  thus  converted  into  a 
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friable  substance,  which  was  easily  beaten  out  from  the  unchanged 
cotton,  and  collected  in  the  form  of  dust.  The  cotton  was  used 
for  making  paper,  while  the  wool  dust  contained  some  12  ^  of 
nitrogen,  and  was  said  to  be  a  manure  of  much  quicker  action 
than  flocks,  though  less  quick  than  guano. 

It  is  of  interest  to  note  however,  that  with  the  cheapening  of  the 
production  of  cotton  in  recent  years,  and  the  greatly  extended  use  of 
wood-pulp  for  paper-making,  the  wool  in  woollen  rags  has  become 
relatively  so  much  more  valuable  than  the  vegetable  fibres  therein 
that  it  has  become  customary  to  treat  woollen  rags  with  muriatic  acid 
gas  for  the  purpose  of  softening  and  disaggregating  the  vegetable 
fibres  with  which  the  material  has  been  adulterated,  so  that  this  ex- 
traneous matter  can  be  removed  cheaply  while  the  wool  is  left  unin- 
jured and  fit  to  be  used  for  making  felt  and  other  merchantable 
articles. 

Several  Belgian  samples  of  woollen  rags  that  had  been  disaggre- 
gated by  exposure  to  steam  under  pressure,  as  analyzed  by  Peter- 
mann,  showed  from  7  to  8.5  %  of  organic  nitrogen,  from  0.75  to 
1  %  of  nitrogen  in  the  form  of  ammonia,  and  from  9  to  1 1  %  of 
water. 

Another  method,  probably  much  less  commendable  than  the  use 
of  alkalies,  has  been  proposed  by  Zabel  in  Germany  for  utilizing 
the  worn-out  cloths  in  which  beet-pulp  has  been  pressed  in  the 
sugar-houses.  He  draws  the  cloths  through  pan  sulphuric  acid 
and  packs  them  tightly  together  in  a  high  heap  in  order  to  promote 
chemical  action.  Beneath  this  heap  a  quantity  of  waste  bone- 
black  is  placed,  to  catch  the  drippings  of  sulphuric  acid,  and  the 
heap  is  covered  also  with  the  spent  black  to  the  depth  of  a  foot  or 
more.  After  a  few  weeks  the  cloths  were  found  to  be  completely 
destroyed.  Possibly  some  such  process  as  this  might  occasionally 
be  found  useful  by  gardeners  for  reducing  twigs,  weeds,  and  other 
rubbish  to  a  manageable  manure,  though  probably  potashes  would 
serve  still  better  for  this  purpose  than  sulphuric  acid. 

According  to  Maercker,  a  rapid  and  convenient  way  of  decom- 
posing wool-dust  is  to  put  a  quantity  of  sulphuric  acid  of  50°  in  a 
lead-lined  tank,  and,  while  stirring  the  acid  constantly,  to  throw 
into  it  the  wool-waste  until  the  mixture  has  become  so  thick  and 
sticky  that  it  can  no  longer  be  stirred.  A  considerable  amount  of 
heat  is  developed  by  the  action  of  the  acid  on  the  wool,  but  it 
does  no  harm,  and  it  is  said  that  no  loss  of  ammonia  occurs. 
Analyses  of  Hairy  etc. 

Payen  and  Boussingault  found  ld|  ^  of  nitrogen  in  flocks  of 
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cow-hair  that  contained  9  %  of  moisture,  and  Way  found  11.83  % 
of  nitrogen  in  refuse  horse-hair  that  left  nearly  5  ^  of  ashes  on 
being  burned.  The  Miinster  experiment  station  reports,  in  ten 
samples  of  hair,  from  3^  to  13^  ^  of  nitrogen,  the  mean  amount 
having  been  llj  %.  Scherer  reports  17  %  of  nitrogen  in  human 
hair  dried  at  260**  F.  S.  W.  Johnson  found  9  J  %  of  nitrc^en  in 
hair-felt. 

Hoffmann  found  8.7  ^  nitrogen  in  hair  somewhat  admixed  with 
lime  that  was  obtained  from  a  tannery. 

There  is  a^aste  product  of  offensive  odor,  called  '*  scutch," 
that  accumulates  in  the  yards  of  glue-makers  and  skin-dressers, 
which  consists  of  a  mixture  of  hair  and  other  animal  matters,  and 
lime.  It  is  esteemed  as  a  manure  after  it  has  fermented.  Way 
found  in  3  different  samples  of  this  material  0.89,  1.35,  and 
1.57  ^  of  nitrc^en,  from  0.50  to  1.84  ^  of  phosphate  of  lime, 
and  from  30  to  33  %  of  carbonate  of  lime,  beside  24  to  26  %  of 
water  and  various  impurities. 

In  feathers,  Payen  and  Boussingault  found  15|  %  of  nitrogen ; 
and  in  feather-dust,  which  appeared  to  consist  of  sweepings  from 
a  warehouse.  Way  found  6J  %  of  nitrogen.  But  feathers  are 
peculiarly  slow  to  decay. 

Analyses  of  Hom-Medl. 

Payen  and  Boussingault  found  nearly  15  ^  of  nitrogen  in  pure 
horn-shavings.  Way  found  12^  %  of  nitrogen,  and  cites  instances 
whei-e  horn-shavings  have  given  heavy  crops  of  hops.  Analyses 
of  9  samples  of  horn-meal  made  at  the  Miinster  experiment  station 
showed  7 J  to  14J  %  of  nitrogen,  or  in  the  mean  11|  %.  Hell- 
riegel  reports  that  horn-meal  contains  some  10  to  13  %  of  ni- 
trogen, and  from  6  to  10  %  of  phosphoric  acid.  In  sawdust  from 
horns  of  the  East  Indian  buffalo,  Knierim  found  13.76  %  of  ni- 
trogen, 0.24  %  of  phosphoric  acid,  and  0.80  %  of  sand.  S.  W. 
Johnson  reports  in  shavings  and  sawdust  from  horns  of  the 
American  buffalo  (bison),  14J  to  15  %  of  nitrogen,  and  no  more 
than  0.08  to  0.15  %  of  phosphoric  acid.  Dry  horn  is  readily 
powdered  after  having  been  steamed  during  10  or  12  hours. 

It  is  to  be  observed  that  the  nitrogenous  compound  in  horn  (kera- 
tin) is  not  readily  decomposable,  and  is  not  directly  assimilable 
by  plants.  Hence  the  propriety  of  putting  horn-meal  on  light, 
porous  and  wann  soils,  that  are  not  too  dry,  in  order  that  the 
nitrogen  compound  may  change  the  more  easily  to  ammonia  and 
to  nitrates. 


46  AGRICtXLTUKB. 

Afl  procurable  in  this  country,  from  comb  manufaeturera,  horn- 
waste  occurs  in  the  form  of  thin,  light  shavings,  which  are  some- 
times composted  with  horse- manure  for  several  months  before 
being  applied  to  the  land.  Some  observers  have  maintained  that 
the  shavings  are  so  light  and  bulky  that  they  cannot  be  conveni- 
ently put  to  use  upon  the  farm,  not  even  when  composted  as  afore- 
said. In  England,  two  centuries  ago,  horn-shavings  were  thought 
to  be  a  valuable  application  for  cold,  stiff  land,  though  of  little  or 
no  use  on  hot  ground.  They  were  applied  at  the  rate  of  seven 
bushels  to  the  acre  sometimes  as  a  top-dressing,  though  sometimes 
they  were  strewn  in  furrows  before  the  plough  in  the  autumn. 
(Houghton.) 

Recent  experiments  by  Aitken  in  Scotland,  go  to  show  that, 
when  in  the  form  of  very  fine  sawdust,  horn-meal  may  decompose 
easily  in  the  soil  and  act  as  a  good  nitrogenous  manure  even  for 
grain-crops,  but  that  horn  in  the  form  of  coarse  chips  or  shavings 
decomposes  extremely  slowly,  and  is  not  suitable  for  manure  (un- 
less it  has  been  composted) .  £ven  the  meal  can  hardly  be  well 
suited  for  spring-sown  grain,  though  it  might  be  good  for  autumn 
grain.  Field  experiments  should  be  made  in  this  country  with 
Indian  com  to  test  the  question  in  how  far  horn-meal  and  other 
fertilizers  which  contain  slowly  decomposable  forms  of  oi^anic 
nitrogen  can  serve  to  replace  farmyard-manure  for  fertilizing  this 
midsummer  crop. 

A  German  receipt  directs  that  the  fine  horn  be  put  in  a  pit, 
layer  by  layer,  with  powdery  slaked  lime,  and  that  each  layer  be 
moistened  with  water.  The  horn  soon  becomes  soft  and  consider- 
ably decomposed. 

A  sample  of  hoof -meal  analyzed  at  New  Haven  contained  13.9  ^ 
of  nitrogen. 

Value  of  Organic  Nitrogen, 

The  question  already  alluded  to,  what  value  should  be  allowed 
for  the  pound  of  nitrogen  as  contained  in  these  animal  and  vege- 
table products,  is  one  of  no  little  complexity.  Some  of  these 
substances  decompose  readily  by  way  of  fermentation,  while  others 
do  not ;  and  this  difference  of  behavior  does  not  depend  on  the 
quantity  of  nitrogen  which  the  substance  may  contain,  but  upon 
the  kind  or  quality  of  the  chemical  substances  in  the  organic  mat- 
ters. Thus,  sheep's  wool  and  the  dry  matter  in  urine  each  con- 
tain some  16  or  17  ^  of  nitrogen;  but  the*  matter  in  the  urine 
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consists  in  good  part  of  chemical  substances,  such  as  urea  and 
hippuric  acid,  which  are  easily  soluble  in  water,  and  which  change 
readily  to  ammonia  when  subjected  to  the  action  of  appropriate 
ferments,  while  the  nitrogenous  components  of  wool  are  not 
soluble  in  water  and  are  vastly  more  refractory  than  urea,  i.  e. 
they  are  capable  of  resisting  with  considerable  force  the  action  of 
the  organisms  which  produce  fermentations.  But,  besid^  these 
inherent  differences,  are  the  familiar  facts  that  decompositions  due 
to  fermentation  are  more  rapid  in  warm  countries  and  in  moist 
porous  soils  than  in  colder  regions  or  than  on  stiff  land,  naturally 
making  them  more  valuable  in  some  localities  than  in  others.  It  is 
said  for  example  of  certain  light,  open,  calcareous  soils  in  France, 
which  are  poor  in  humus  because  of  the  rapid  destruction  of  this 
substance  through  oxidation,  that  oi^anic  nitrogen  compounds  arc 
esteemed,  because  they  nitrify  gradually  and  thus  supply  food  to 
the  crops  continuously  under  conditions  where  nitrate  of  soda  or 
sulphate  of  ammonia  would  speedily  be  washed  out  of  the  land. 
It  is  not  unlikely  that  similar  results  may  be  produced  sometimes 
in  the  Southern  States  of  our  own  country. 

In  southern  Europe,  in  localities  where  but  little  farmyard-ma- 
nure is  produced,  it  has  long  been  customary  to  use  freely  several 
of  the  organic  nitrogen  compounds,  even  those  which  are  not 
readily  decomposable.  Orange-trees,  for  example,  are  there  fer- 
tilized with  horn-meal,  rags,  skin-scraps  and  oil-cake,  as  well  as 
with  leaf- mould  and  composts.  (Gasparin.)  It  has  been  ob- 
served by  Kellner,  in  the  hot  climate  of  Japan,  that  while  fish- 
scrap  and  green  plants  and  ammonium  sulphate  are  quickly  nitri- 
fied on  upland  soils,  they  do  not  nitrify  on  swamp  (rice)  land  kept 
wet  by  way  of  irrigation.  The  fertilizing  action  of  the  organic 
nitrogen  compounds  seems  to  depend,  on  wet  land,  upon  the 
formation  of  ammonia.  It  was  found  that  applications  of  lime 
favored  nitrification  on  the  upland  soils,  and  the  formation  of  am- 
monia in  the  swamps.  As  has  been  said  already,  it  is  recognized 
by  everybody  that  the  pound  of  nitrogen  in  bone-meal  is  worth 
much  less  in  temperate  climates  than  the  pound  of  nitrogen  in 
guano,  and  the  remark  is  still  more  emphatically  true  of  rags.  Yet 
again,  for  all  ordinary  purposes  the  nitrogen  in  old  leather  is 
worthless  unless  it  be  changed  by  distillation,  or  possibly  by  the 
action  of  chemicals,  as  has  been  suggested  above.  Another  point 
to  be  considered  is  that  one  or  another  kind  of  organic  nitrogen 
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m<\y  be  useful  for  certain  kinds  of  plants  and  not  for  others. 
Thus,  wool,  horn,  and  rape-cake  have  often  done  good  service  for 
heps ;  and  Lawes  has  shown  that  for  turnips  rape-cake  properly 
reinforced  is  a  better  manure  than  sulphate  of  ammonia. 

Generally  speaking,  when  the  term  of  growth  of  a  crop  is  but 
short,  as  is  the  case  with  barley  and  spring  rye,  or  spring  wheat, 
not  organic  nitrogen,  but  some  easily  assimilable  compound  of 
this  element,  such  as  the  nitrates,  would  be  suitable,  while  for  the 
hops  and  turnips  just  now  mentioned,  for  vines  and  fruit  trees 
and  other  plants  which  are  to  remain  some  time  upon  the  land, 
several  of  the  forms  of  organic  nitrogen  might  do  excellent  ser- 
vice. 

Price  of  Organic  Nitrogen. 

The  prices  at  which  nitrogenized  organic  matters  are  actually 
sold  often  give  very  little  information  as  to  their  agricultural  value. 
Several  of  the  substances  above  enumerated  are  put  to  use  in  the 
aits,  and  their  value  depends  of  course  on  the  utility  which  can  be 
got  from  them  outside  the  domain  of  agriculture ;  and  even  as 
regards  fish-scrap  and  tankage,  the  pi-ice  is  often  determined  by 
what  the  manufacturers  of  mixed  fertilizers  are  willing  to  pay 
for  them. 

As  long  ago  as  1866,  Stoeckhardt  estimated  the  worth  of  the 
pound  of  nitrogen  for  Saxony  as  follows :  —  cente. 

For  easily  soluble  or  decomposable  nitrogen^as  in  ammonium  salts, 
nitrates,  guano,  dried  blood,  urea,  etc about    17 

For  nitrogen  in  fine  bone-meal,  poudrette,  etc *•        16 

In  ordinary  coarse  bone-meal,  horn-meal,  oil-cake,  wool-dust, 
etc "        13 

In  crushed  bones,  the  dung  of  stall-fed  cattle,  horn-shavings, 
woollen  rags,  etc "         9 

The  prices  now  current  in  this  country  differ  much  less  from  the 
foregoing  than  might  be  supposed.  The  original  Peruvian  guano 
has  ceased  to  be  obtainable,  while  the  nitrogen  of  ammonium  sul- 
phate can  be  had  at  19  cents  the  lb.  and  that  of  nitrate  of  soda 
at  14  or  15  cents.  The  pound  of  nitrogen  in  fine  bone-meal  is 
rated  at  16  cents  or  thereabouts,  and  that  in  coarse  bone-meal  at 
7  cents.  The  pound  of  nitrogen  in  cotton-seed-meal  can  usually 
be  bought  for  15  cents,  and  that  in  fish-scrap  can  often  be  bought 
for  less  than  15  cents.  The  inferior  kinds  of  organic  nitrogen  are 
often  estimated  to  be  worth  about  7  cents  a  pound. 

It  is  to  be  remembered,  however,  not  only  as  regards  the  or- 
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ganic  matters,  but  of  other  nitrogenized  substances  as  well,  that 
the  demand  for  one  or  another  of  them  for  manufacturing  pur- 
poses may  have  no  little  influence  in  fixing  the  price  at  which  it 
is  sold.  The  nitrates,  for  example,  are  largely  used  by  manu- 
facturers of  chemicals,  and  they  are  specially  subject  to  fluctua- 
tion, when  wars  prevaU,  because  of  their  use  in  making  gunpowder. 
Even  guano  has  been  used,  in  days  when  it  was  cheaper  than  it  is 
now,  as  the  raw  material  for  the  manufacture  of  ammonia  and 
ammonium  salts,  and  for  preparing  prussiate  of  potash,  Prussian 
blue,  murexid-purple,  and  other  dyes.  (Voelcker.) 
Experiments  wUh  Organic  Nitrogen, 
Lawes  has  expressed  the  opinion  that,  for  the  climate  of  Eng- 
land, the  nitrogen  in  shoddy,  and  in  most  other  nitrogenous 
organic  matters  used  as  manures,  is  so  slowly  effective  that,  as  a 
rule,  it  should  be  valued  at  only  from  one-half  to  two-thirds  the 
price  of  that  in  nitrate  of  soda,  sulphate  of  ammonia,  or  guano. 
But  it  is  evident  that  climate  may  have  a  very  important  influence 
In  this  matter,  and,  in  fact,  experiments  made  in  Japan,  on  rice, 
by  Eellner  and  his  pupils,  show  that  in  the  presence  of  water  in 
a  hot  climate,  several  forms  of  organic  nitrogen  may  do  excellent 
service  as  fertilizers.  In  the  experiments,  the  results  of  which 
lure  recorded  in  the  following  table,  nitrogen  was  applied  at  the 
rates  of  41.4  and  82.8  kilos,  to  the  hectare,  in  the  several  different 
fertilizers ;  and  in  addition  to  the  nitrogen,  each  plot  of  land  got 
200  kilos,  of  phosphoric  acid,  and  110  kilos,  of  potash  to  the  hec- 
tare, in  the  forms  respectively  of  phosphate  of  soda  and  carbonate 
of  potash.  In  each  instance,  the  fertilizers  were  applied  several 
days  before  the  rice-plants  were  set  out.  The  soil  was  naturally 
rich  in  nitrogen,  containing  when  air-dried  0.61  ^  of  it. 

I^rtUlaer. 

Sulphate  of  ammonia,  in  solution 
Bone-meal,  steamed,  with  4  %  N . 
Fish-sorap,  from  very  small  fishes,  9.9  %  N 
Fish-scrap,  another  kind,  with  9.5  %  N 

Blood-meal,  14  %  N 

Bone-meal,  from  raw  bones,  4.7  %  K 
Dried  distillery  slop,  2.3%  N       .    . 

Horn-meal,  14.7%  N 

Peru  guano,  7.6  %  N 

Nlght-soll,  fermented,  0.51  %  N  .    . 
VOL.  n-4. 


Orm.  of  Bhelled  rloe, 
InoreaM  over  Um 

llelatiTe  Increaae, 
the  giUn  dne  to 

sulphate  of  ammo, 
being  recMtled 

.     .       99.5 

100* 

.     .     142.5 

143 

7^N      134.7 

135 

I     .     133.9 

134 

.     .     125.0 

126 

.     .     119.7 

120 

.    .     118.9 

119 

.     .    116.2 

117 

.    .    162.5 

114 

.     .     102.8 

108 
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Grm.  of  shelled  rioe,   RektlTe  inereete, 
increaie  oyer  the        the  gain  dne  to 
Fertiliser.  uunanured  tutofaiteof  ammo- 

plot.  niADeingregBrded 

Press-cake  from  soy  beans  and  roasted 

wheat,  3.5%  N 101.8  102 

Rape-cake,  6%  N 100.7  101 

Farm-auumre,  eontalnlng  aome  nlfi^it-aoll.    The  mix- 
tare  was  tolerably  well  rotted,  and  contained 

l.l%ofN 94.6  «5 

Bice  husks,  2.1%  N 54.0  64 

Green  plants,  chiefly  hard  grasses,  0.5%  K,      45.7  46 

The  following  table  shows  what  proportion  of  the  applied  nitro- 
gen was  recovered  in  the  crops,  and  gives  (in  the  last  colamn)  the 
relative  values  of  the  several  kinds  of  nitrogen :  — 

Peroentage  of  Relative  Relattve  effideney 

applied  nitrof|[en  amounts  of  of  the  f ertUixera  as 

FertUiMn.                        which  was  nitrogen  shown  by  mean 

recovered  in  recovered  in  f^n  of  crops  and 

the  increase  of  crops.  by  tkae  amounts  of 

crops.  nitrogen  recovered. 

Ko  manure 

Sulphate  of  ammonia    .    .  61%  100  100 

Bono-meal,  steamed  ...  86  141  142 

Fish-scrap.  9.9  %  N    ...  83  135  136 

Fish-scrap,  9.5%  N     ...  81  132  133 

Blood-meal 82  134  130 

Bone-meal,  raw     ....  73  120  120 

Distillery  slop,  dried      .    .  72  117  118 

Hom-meal 71  116  116 

Peru  guano 72  117  116 

Press-cake 65  106  104 

Bape-cake 68  110  106 

Night-soil 66  108  106 

Farm-manure 50  81  88 

Bice-husks 26  42  48 

Green  plants 23  37  42 

It  is  to  be  remembered  that  these  particular  experiments  were 
made  under  conditions  extremely  favorable  for  the  decomposition 
of  organic  matters,  viz.,  in  wet  rice-fields  in  a  country  where  the 
summer  temperature  is  vei7  high.  But  it  is  interesting  to  observe 
that  the  animal  matters  (bone-meal,  fish  and  blood)  stand  at  the 
head  of  the  list,  and  that  hom-meal  exhibits  considerable  merit, 
while  the  rape-cake  and  the  press-cake  appear  to  have  decomposed 
rather  slowly.  It  is  evident  enough  that  sulphate  of  ammonia, 
night-soil  and  stable-manure  were  at  a  disadvantage  because  a 
part  of  the  soluble  forms  of  nitrogen  which  are  contained  in  them 
were  washed  away  in  the  water  with  which  the  rice-field  was  irri- 
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gated,  while  the  nitrogen  of  the  organic  matters  was  gradually 
changed  to  ammonia,  which  was  continually  put  to  profit  by  the 
rice-plants. 

It  was  noticed  that  the  plants  on  tiie  plots  fertilized  with  green 
grass,  rice-husks  and  straw  —  and  to  a  certain  extent  the  plants 
dressed  with  blood-meal  —  suffered  somewhat  at  first  because  of 
the  rapid  decomposition  of  these  materials,  and  the  setting  up  of 
reducing  action  in  the  soil.  With  the  exception  of  the  plants  on 
the  straw-plot,  which  were  ruined,  the  others  recovered  their 
vigor  in  the  course  of  a  month.  But  this  experience  enforces 
anew  the  lesson  —  long  known,  for  that  matter,  —  that  easily  de- 
composable organic  matters  should  never  be  applied  at  the  time 
of  seeding  or  planting.  They  may  either  be  worked  into  the  soil 
several  weeks  before  seeding,  or  else  be  fermented  (in  a  compost 
heap),  before  being  put  upon  the  land. 

KeUner  dwells  on  the  fact  that  the  water  on  the  rice-fields 
hindered  nitrification.  In  these  experiments,  not  nitrates  but 
ammonia  was  formed  by  the  decomposition  of  the  organic  manures^ 
and  this  ammonia  was  put  to  use  by  the  rice-plants ;  whereas  in 
experiments  on  upland  soils  that  were  not  irrigated,  the  formation 
of  ammonia  from  the  organic  matters  was  quickly  succeeded  by 
nitrification  in  the  hot  summer  weather,  and  a  part  of  the  nitrates 
was  carried  down  deep  into  the  subsoil  by  the  abundant  rains 
which  prevail  at  that  season  in  Japan.  Experiments  made  in 
Grermany  by  Seyffert  upon  kohl-rabi  were  so  arranged  that  the 
plants  should  be  well  fed  and  subjected  to  like  conditions,  except 
that  they  got  different  kinds  of  nitrogenous  food,  as  in  the  table. 

Gnum  of  Crop 
When  fertUised  with  were  obtained. 

No  nitrogenous  fertilizer 76 

25  grains  N  in  crude  MejiUones  guano 71 

•*  «    leather-meal  (steamed) 469 

*'  "    steamed  bone-meal 1,572 

"  "    dried  blood 1,654 

«  '*    horn-meal  (steamed) 2,005 

"  "    nitrate  of  soda 2,608 

Whence  it  appeared  that  nitrate  of  soda  and  horn-meal  were 
specially  good,  and  leather-meal  particularly  bad.  As  regards 
diied  blood,  compare  the  results  given  on  a  previous  page. 

To  control  the  foregoing  results,  Albert  tried  similar  experi- 
ments with  oats,  as  follows :  — 
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Kind  of  NitrogenooB  There  were  harreited  Onuns  of 

Fertilizer  nied.  Gratn.  Straw.  Roots.  Total  Plant. 

No  nitrogen 5.2  15.7  14.3  85.2 

Leather-meal  (steamed)      .     .    .  13.3  22.2  13.6  49.1 

Leather-meal  fermented     .    .    .  21.5  36.4  17.2  75.1 

Steamed  bone-meal 36.2  41.3  20.0  97.5 

Steamed  bone-meal  fermented     .  34.0  44.3  20.3  98.6 

Dried  blood 24.8  44.5  18.5  87.8 

Dried  blood  fermented    ....  29.6  57.2  16.5  103.3 

Horn-meal  (steamed) 47.5  70.4  25.4  143.3 

Nitrate  of  soda 48.9  62.6  27.9  139.4 

Sulphate  of  ammonia     ....  33.2  44.6  21.1  98.9 

Here  again  nitrate  of  soda  and  horn-meal  did  well,  and  fermented 
blood-meal  also.  Leather-meal  was  of  no  account,  and  it  served 
no  useful  purpose  for  the  crops  that  succeeded  the  oats.  Even  the 
fermented  leather-meal  was  of  but  little  use. 

Heinrich  has  concluded  from  his  own  experiments  upon  oats 
that  if  the  fertilizing  action  of  sulphate  of  ammonia  be  regarded 
as  equal  to  100,  the  effect  of  flesh-meal  may  be  stated  as  equal  to 
72,  that  of  bone-meal  as  65,  that  of  leather-meal  as  59,  of  blood- 
meal,  58,  and  of  horn-meal,  33.  Saltpetre  acted  similarly  to 
ammonium  sulphate  but  was  not  included  in  the  comparisons, 
because  some  of  the  plants  were  sickly.  As  regards  the  nitrate 
and  the  sulphate,  it  was  found  to  be  immaterial  whether  they 
were  harrowed  in  or  buried  more  deeply,  but  the  effects  produced 
by  the  meals  of  flesh,  bone,  leather,  and  blood,  were  very  much 
less  when  they  were  harrowed  in  to  the  surface  than  when  they 
were  intimately  mixed  with  the  soil. 

In  the  following  trials  by  Eckenbrecher,  it  would  seem  that  the 
nitrogen  of  the  blood,  bone  and  horn  were  applied  under  con- 
ditions specially  favorable  for  the  fermentation  of  these  sub- 
stances, and  for  the  growth  of  plants.  The  experiments  were 
made  in  sterile  sand  contained  in  boxes  nearly  a  square  yard  in 
area  and  rather  more  than  a  foot  and  a  half  deep.  Fit  quantities 
of  the  ash-ingredients  of  plants  were  mixed  with  the  sand,  and 
each  box  received  in  addition  5  grams  of  nitrogen,  in  the  form  of 
one  or  another  of  the  substances  enumerated  in  the  following  list. 
The  sand  was  properly  watered,  of  course,  and  the  temperature 
was  favorable  for  the  growth  of  plants.  The  experiments  lasted 
two  years.  The  results  are  set  forth  in  the  following  table,  which 
gives  the  weights  of  the  crops  harvested  from  the  sand  admixed 
with  ash-ingredients,  according  as  one  or  another  nitrogenous  fer- 
tilizer was  added :  — 
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gnn.  fpnai, 

No  nitrogen 12.6  80 

Blood-meal 42.2  226 

Horn-meal 38.1  227 

Bone-meal 47.7  249 

Sulphate  of  ammonia 46.0  261 

Nitrate  of  trlethylamln 62.9  262 

Nitrate  of  soda 68.3  260 

Grade  guano 16.6  92 

The  behavior  of  the  gaano  is  remarkable,  but  was  not  explained. 

With  horn-meal  and  bone*meal  the  ripening  of  the  grain  was 
delayed  appreciably,  as  had  previously  been  noticed  by  Albert. 
The  good  effects  of  triethylamin  are  interesting,  since  this  sub- 
stance is  obtained  in  considerable  quantities  of  late  years  as  an 
incidental  product  in  the  manufacture  of  alcohol  from  beet-root 
molasses. 

The  field  experiments  of  Wagner  on  the  relative  availability  of 
organic  nitrogen  were  made  with  summer  rye  followed  by  flax, 
summer  wheat  and  carrots.  He  obtained  the  results  stated  in  the 
f oUowiBg  table :  — 

Nitrate  of  soda.    ...  100  100  100 

Sulphate  of  ammonia     .86  74  88 

Peruvian  guano     ...  84  88  80 

Blood-meal 67  67  69 

Castor-pomace  ....  62  66  67 

Oreen-crops  ploughed  in  62  60  68 

Horn-meal 63  61  63 

Fish-guano 61  69  64 

Steamed  hone-meal   .    .  42  63  61 

Flesh-meal 44  47  64 

Wool-dust 27  28  33 

Stable-manure 11  16  32 

Leather-meal    ....  13  12  20 

Much  Horn  equals  less  Blood. 
Pot  experiments  upon  oats,  made  at  New  Haven  by  S.  W. 
Johnson,  in  which  blood-meal  and  horn-meal  were  contrasted, 
brought  out  the  interesting  fact  that  the  crop-producing  power  of 
the  nitrogen  in  blood  and  in  horn  is  more  nearly  alike  in  propor- 
tion as  the  amount  of  nitrogen  applied  to  the  land  is  lai^er.  For, 
since  a  portion  of  the  nitrogen  in  horn  is  available,  it  is  possible 
to  add  enough  of  it  to  supply  all  that  a  maximum  crop  requires ; 
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and  with  each  sttccessive  increase  in  the  amount  applied  the  pro- 
duction of  a  maximum  crop  is  more  nearly  attained,  while  the  dif- 
ference in  availabilty .  between  the  horn  and  the  blood  becomes 
smaller. 

For  these  experiments- pairs  of  pots  were  filled  with  loam  taken 
from  a  field  which  had  not  been  fertilized  for  many  years,  ap- 
propriate quantities  of  muriate  of  potash  and  superphosphate  of 
lime  were  added,  and  yaryipg^amounts  of  the  nitrogenized  matters 
to  be  tested,  as  stated  in  the  following  table.  The  dried  blood 
contained  13.40  <^  of  nitrogen,  the  hoof  and  horn-meal  13.54  ^, 
and  the  horn-shavings  15.37  ^.  All  these  nitrogenous  matters 
were  finely  ground.  They  were  the  same  as  those  tested  by  John- 
son with  pepsin  solution,  as  stated  in  a  subsequent  table.  Nitrogen 
was  added  to  the  pots  in  such  quantities  as  would  amount  to  20, 
40,  and  60  lb.  to  the  acre,  respectively.  The  oats  grew  well,  and 
though  attacked  by  smut  when  in  flower,  most  of  the  crops  seemed 
to  escape  serious  damage  :  — 


ertiliien 
addcNL 

Nitrogen  in 
Fertniaer. 

Crop. 

Nitro08n 
in  Crop. 

Orm. 

Orm. 

Orm. 

Orm. 

None     .     .     . 

•     •    •    • 

.     .     None. 

23.4 

0.2042 

c« 

f< 

25.1 
22.4 
22.9 

29.6 

0.2112 

**.... 

,     ,         «< 

0.2056 

i< 

.     ,         «« 

0.2050 

0.8508  of  dried  blood  .    . 

.     .     0.114 

0.2378 

0.8508 

(1 

.     .     0.114 

29.7 

0.2410 

1.7015 

«( 

.     .     0.228 

32.7 

0.2816 

1.7015 

t* 

.     .     0.228 

33.3 

0.3173 

2.6524 

<i 

.     .     0.342 

41.6 

0.3844 

0.8419  hoof  and  horn  .    . 

.     .     0.114 

24.1 

0.2056 

0.8419    " 

f< 

.     .     0.114 

26.0 

0.2346 

1.6838    ** 

« 

.     .     0.228      • 

26.5 

0.2411 

1.6838     «* 

**     ^    ^ 

.     .     0.228 

28.6 

0.2528 

2.5257     " 

i< 

.     .     0.342 

33.1 

0.2886 

2.5257     " 

«i 

.     .     0.342 

32.7 

0.2808 

0.7417  horn  shavings .    . 

.     .     0.114 

22.5 

0.2073 

0.7417    " 

.     .     0.114 

19.4 

0.2457 

1.4834    " 

.     .     0.228 

26.1 

0.2280 

1.4834    «< 

.     .     0.228 

28.5 

0.2534 

2.2251     *• 

.     .     0.342 

32.3 

0.3140 

2.2251     <* 

.    .     0.342 

32.8 

0.2870 

It  appeared  that  applications  of  nitrogen  at  the  rate  of  20  lb. 
to  the  acre,  in  the  form  of  blood,  gave  four  times  as  much  in- 
crease of  crop  over  the  yield  of  the  unmanured  loam  as  the  same 
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amount  of  hom-Ditrogen ;  that  when  nitrogen  was  applied  at  the 
rate  of  40  lb.  to  the  acre  in  the  form  of  blood  the  increase  was 
two  and  a  half  times  as  mnch  as  that  got  from  the  same  amount 
of  nitrc^en  in  the  form  of  horn,  and  that  when  60  lb.  of  nitrogen 
were  applied  the  increase  of  crop  caused  by  the  blood-nitrogen 
was  only  one  and  three-quarters  as  much  as  that  caused  by  horn- 
nitrogen. 

As  regards  the  increase  of  nitrogen  in  the  crop,  20  lb.  of  blood- 
nitrogen  to  the  acre  gave  nearly  twice  as  much  increase  as  the 
same  amount  of  horn-nitrogen ;  40  lb.  of  blood-nitrogen  gave  two 
and  a  half  times  as  much  increase  as  the  same  quantity  of  horn- 
nitrogen  ;  and  60  lb.  of  blood-nitrogen  gave  one  and  two-thirds  as 
much  increase  as  the  same  quantity  of  horn-nitn^en. 

Johnson  suggests  that  the  very  fact  that  blood-meal  decom- 
poses readily  in  the  soil  may  perhaps  put  it  at  a  disadvanti^e  as 
compared  with  horn-meal  when  large  quantities  of  the  two  mater- 
ials are  used ;  for  it  might  easily  happen  that  a  large  dressing  of 
a  substance  so  easUy  decomposable  as  blood  could  ''bum"  a 
growing  crop  while  a  dressing  of  horn-meal  equally  rich  in  ni- 
trogen would  be  wholly  beneficial.  It  will  be  noticed  that  in 
Johnson's  experiments  the  horny  materials  proved  to  be  decidedly 
inferior  as  fertilizers  to  the  blood-meal.  The  average  increase 
of  crop  brought  by  the  horn-fertilizers  as  compared  with  the  in- 
crease due  to  the  blood  was  as  47.5 :  100 ;  and  the  average  in- 
crease of  nitrogen  in  the  crops  from  the  use  of  the  different 
materials  was  as  50.5  :  100.  These  results  manifestly  support 
the  old  view  that  the  pound  of  blood-nitrogen  should  be  rated  at 
a  price  twice  as  high  as  the  pound  of  horn-nitrogen.  Similar  ex- 
periments made  with  Indian  com  indicated  that  castor-pomace  at 
its  best  could  be  rated  at  85  ^  when  nitrate  of  soda  equals  100  ^. 
The  nitrogen  in  linseed-meal  was  somewhat  less  available,  and 
was  rated  at  80  ^,  while  that  of  dried  blood  was  77  ^.  Cotton- 
seed-meal was  76  ^,  castor-pomace  at  its- worst  74  ^,  and  hoof- 
and  horn-meal  72  ^.  Dried  fish  did  less  well  than  the  oil-cakes, 
and  was  rated  at  70  ^,  while  tankage  was  68  ^. 

One  item  of  evidence  in  favor  of  horn-meal  is  that  the  keratin 
of  which  it  consists  is  susceptible  of  putrefaction.  Thus  Morgen, 
after  having  moistened  samples  of  horn-meal  and  leather-meal, 
kept  them  for  some  time  under  conditions  favorable  for  putrefac- 
tion, and  finally  determined  by  analysis  that  61.62^  of  the  ni- 
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trogen  in  the  horn-meal  had  gone  into  solution,  while  only  34.56  ^ 
of  that  in  the  leather-meal  had  dissolved. 

Value  of  the  Organic  Matters  a^  Sources  of  Nitrates, 
Instead  of  determining  the  weights  of  crops  harvested,  as  in  the 
foregoing  experiments,  Muntz  and  Girard  have  sought  to  compare 
several  oi^anic  fertilizers  by  noting  the  amount  of  nitrate  which  is 
formed  in  a  given  space  of  time  from  each  of  the  fertilizers  when 
they  are  exposed  to  the  action  of  the  nitrifying  ferments  under  sim- 
ilar and  favorable  conditions.  For  these  experiments,  a  weighed 
quantity  of  the  fertilizer  was  mixed  with  a  definite  amount  of 
loam,  which  was  moistened  and  kept  for  several  weeks  at  tem- 
peratures ranging  from  59°  to  77°  F.  The  amount  of  nitrate  in 
the  loam  was  determined  at  the  beginning,  and  from  time  to  time 
during  the  course  of  the  experiment.  Thirty  days  was  found  to 
be  a  convenient  term  for  the  tests,  for  the  reason  that  while  a 
large  proportion  of  the  nitrogen  in  materials  which  are  readily  ni- 
trifiable  will  be  changed  to  nitrate  in  the  course  of  a  month,  the 
nitrogen  in  materials  which  are  less  readily  nitrified  will  continue 
to  undergo  change  for  a  long  while ;  as  long,  indeed,  as  the  con- 
ditions favorable  for  nitrification  are  maintained.  The  general 
result  of  the  trials  made  in  this  way  was  that  the  nitrogen  in  am- 
monium compounds  nitrifies  much  more  readily  than  that  in  oi^anic 
matters ;  that  the  nitrogen  in  guano  and  in  the  dung  of  bats  stands 
next  in  order ;  then  that  in  leguminous  plants  which  were  ploughed 
under  as  green  manure;  and  then  the  nitrogen  in  dried  blood, 
flesh-meal,  horn-meal,  and  roasted  horn;  while  the  nitrogen  in 
roasted  leather  nitrified  but  slowly,  and  that  in  raw  leather  hardly 
at  all.     Some  of  the  i*esults  of  these  experiments  are  given  in  the 

following  table :  — 

Peroentacie  of  the  mtnwen  of  the 
Nitrogen  in       Snbetance  which  waa  chmnged 
Snhttanoe  examined.  the  SnMtuuse.  to  Nitrate. 

Per  cent.  In  30  days.  In  39  days. 

Ammonium  sulphate      •    .    .  20.40  75.00  83.76 

Dried  blood 11.92  72.44  73.56 

Boasted  horn,  fine      ....  13.66  71.02  73.17 

Flesh-meal 11.08  70.40  66.15 

Horn-meal,  fine 14.06  55.50  72.16 

Poudrette,  coarse 2.30  18.14  14.94 

Boasted  leather,  fine      .    .    .  7.18  -11.62  16.47 

Baw  leather,  fine 8.05  0.39  .  .  . 

Tests  by  Way  of  Artificial  Digestion, 
Another  method  of  testing  the  value  of  the  nitrogen  in  organic 
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compounds  haa  been  proposed  by  Stutzer  and  Klingenberg,  viz.  to 
subject  the  materials  to  a  pi-ocess  of  *'  artificial  digestion."  That 
is  to  say,  a  weighed  quantity  of  the  fertilizer  is  left  to  soak  for  a 
number  of  hours  in  a  warm  liquid,  similar  to  the  gastric  juice  of 
animals,  prepared  by  mixing  pepsin  with  diluted  muriatic  acid. 
The  idea  on  which  this  method  of  research  is  based  is,  that  those 
fertilizers  which  are  most  readily  soluble  and  decomposable  in  the 
stomach,  or  rather  those  which  contain  the  largest  proportion  of 
soluble  nitrogen  compounds,  will  be  likely  to  do  the  best  service 
in  the  field. 

Stutzer  and  Klingenberg  obtained  the  following  results :  — 

Of  each  100  Parts  of  Nitro- 
Total  Nitrogen  in  gen  thexe  were 

the  Material.         Bolable  in        IiiMluble  in 
Per  cent.  the  Pepsin.        the  Pepsin. 

Blood-meal 13.54  89.75  10.25 

Leather-meal  (steamed)   ....  6.91  39.19  60.81 

Horn-meal  (torrefied) 13.70  40.73  59.27 

Hom-fiUngs  (crude) 7.06  23.43  76.57 

Poudrette 6.77  80.23  19.77 

Poudrette  (from  another  city)  .    .  1.58  22.92  77.08 

Waste  wool 10.55  2.72  97.28 

Bone-meal  (raw) 4.02  95.46  4.55 

Ditto,  another  sample 3.94  97.95  2.05 

Bone-meal  (steamed)' 4.31  92.74  7.26 

Ditto,  another  sample  .....  2.43  88.35  11.65 

Peruvian  guano,  from  which  the 

uric  acid  had  been  removed  .  .  11.08  94.53  5.47 
Wool  that  had  been  treated  with 

sulphuric  acid 12.37  85.34  14.66 

In  this  country,  Shepard  and  Ghazel,  and  S.  W.  Johnson,^  have 
tested  a  variety  of  products  by  means  of  the  pepsin  process,  with 
the  following  results  :  — 

BSBPABD  AND  ChAZBL'S  TBSTS. 

Total  Per-  Of  each  100  Parti  of  Kitro. 
centage  of  gen  there  were 

Nitrogen  in  Soluble  in      Insoluble  in 

the  Material  tbePepiin.      thePepdn. 

Dried  blood,  red 15.19  99.81  0.19 

Dried  blood,  black 14.49  78.61  21.39 

Dried  flshHScrap 11.56  88.67  11.33 

Dried  slaughter-house  refuse   .    .    .    12.84  61.29  38.71 

Dried  fiesh-Bcrap  (excellent)     .    .     .     14.17  93.32  6.68 

Dried  king  crab  (sheU  and  all)     .    .    12.15  52.10  47.90 

Acidulated  fish-scrap 7.14  84.59  15.41 

Boasted  leatber-meal 9.92  37.80  68.20 


>Beport  of  Conneetieat  Agrienltaral  Jfizperiment  Station,  1885,  page  117. 
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TMalFW-     OfeMblOOFutsofNitro- 
centeee  of  sen  there  were 

Nitrogen  in      Solnble  in      Insoluble  in 
the  Material,   the  Pepein.      thePepiln. 

Ootton-Beed-meal 7.76  83.18  16.82 

Gotton-seed-meal  (from  which  all  oil 

had  been  removed) 8.66  85.67  14.33 

Cotton-seed  (ground) 4.23  83.10  16.90 

Johnson's  Tests. 

Kiln-dried  blood,  black 13.44  96.8  3.2 

Kiln-dried  blood,  black 13.47  97.9  2.1 

Fish-Bcrap  (menhaden) 10.64  85.9  14.1 

Fish-scrap,  dried  and  ground   .    .    .      8.76  71.2  28.8 

Dried  horse-flesh 8.12  61.3  38.7 

Ground  bone  (clean,  hard,  and  dry)      4.11  98.8  1.2 

Gotton-seed-meal 6.68  92.7  7.3 

Castor  pomace 6.88  92.4  7.6 

Maize-refuse  after  extraction  of  starch     5.55  82.9  17.1 

Buffalo-horn  sawdust 14.85  7.2  92.8 

Horn-waste  (shavings) 15.37  22.4  77.6 

Fine  ground  hoof  and  horn  ....  13.69  28.2  71.7 

Wool-waste 11.25  4.8  95.2 

Felt-waste 13.12  7.2  92.8 

Leather,  fine  and  brittle       ....      8.13  25.4  74.6 

Leather  treated  by  benzine  process  .      8.40  35.9  64.1 
Leather    reduced    by    superheated 

steam  and  ground 6.85    ^      33.3  66.7 

Hair  and  leather  mixture     ....      6.91  13.8  86.2 

In  general,  the  foregoing  results  consist  fairly  well  with  what  is 
known  of  the  behavior  of  the  several  kinds  of  fertilizers  in  the 
field,  though  those  which  relate  to  horn-meal  do  not  well  agree 
with  some  of  the  results  of  pot-experiments  as  given  on  a  pre- 
vious page. 

Blood  and  bone-meal,  flesh,  oil-cake,  and  unsophisticated  fish- 
scrap,  commend  themselves  here  as  they  have  done  in  farm 
practice;  leather-meal  and  wool-waste  exhibit  their  well-known 
inertness ;  while  dried  slaughter-house  refuse  and  over-dried  fish- 
scrap  occupy  a  middle  place.  As  Professor  Johnson  has  remarked, 
this  process  of  analysis  does  divide  the  organic  compounds  into 
two  classes,  according  to  the  solubility  of  their  nitr(^en.  In  one 
class  more  than  half  the  nitrogen  is  soluble,  while  in  the  other 
scarcely  more  than  a  third  of  the  nitrogen  is  soluble.  But  to  this 
first  class  belong  all  the  compounds  which  farm  experience  has 
shown  to  be  generally  and  really  useful  as  fertilizers. 

One  noteworthy  item  in  this  list  of  experiments  is  the  observa- 
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tion  that  leather-meal  which  has  been  soaked  in  so  weak  an  alkali 
as  a  Bolation  of  borax  becomes  tolerably  easily  soluble  in  the 
pepsin  solution.  A  sample  of  leather  reduced  by  superheated 
steam  gave  up  84  ^  of  its  nitrogen  to  pepsin  solution  after  treat- 
ment with  borax,  while  only  33^  ^  of  the  nitrogen  was  soluble 
before  the  borax  treatment. 

DistiUation  of  Rags^  etc. 

A  device  for  utilizing  the  comparatively  inert  nitrc^en  of  rags, 
which  was  practised  in  a  small  way  in  Germany  some  years  since, 
is  worth  mentioning  as  a  matter  of  history.  Indeed,  it  has  re- 
cently been  described  anew  as  a  method  of  practical  merit.  The 
rags  were  distilled  upon  the  farm,  and  the  ammoniacal  fumes  were 
collected  in  acid  or  in  water.  The  liquid  was  then  mixed  with 
earth,  and  applied  to  the  land.  The  distillation  was  effected  in  a 
simple  chimney,  about  6  feet  high  by  2  feet  wide,  built  roughly  of 
bricks.  At  the  bottom  of  the  chimney  was  an  opening  for  the 
removal  of  ashes  and  the  admission  of  air.  At  the  top  the  chim- 
ney could  be  closed  by  a  movable  plate ;  and  at  a  point  below  the 
top  a  knee-skaped  tube  led  from  the  chimney  to  a  series  of  wooden 
vessels  chained  with  water  or  diluted  sulphuric  acid,  and  con- 
nected with  one  another  by  means  of  wooden  tubes. 

To  start  the  apparatus,  a  fire  of  wood  was  built  in  the  chimney, 
and  the  latter  was  then  filled  with  rags  and  closed  at  the  top.  Air 
enough  was  admitted  at  the  bottom  of  the  chimney  to  permit  the 
lowest  rags  to  bum  slowly,  or  rather  to  glimmer  or  smoulder  away, 
and  so  heat  the  rags  next  above  them.  There  was  thus  always, 
from  first  to  last,  one  layer  of  the  rags  exposed  to  a  temperature 
high  enough  to  effect  distillation,  just  above  the  layer  of  rags 
which  were  actually  burning.  The  fumes  from  the  smouldering 
rags  passed  over  through  the  abduction  flue  into  the  absorbing 
vessels. 

The  apparatus  was  of  extreme  simplicity  and  cheapness,  such 
as  any  man  could  construct  for  himself.  The  ashes  drawn  from 
the  bottom  of  the  chimney  were  mixed  with  earth,  and  were  used 
in  conjunction  with  the  ammoniated  liquor,  and  the  whole  formed 
an  excellent  manure  as  quick  acting  as  guano. 

It  is  manifest  that  any  such  operation  as  this  would  be  possible 
only  in  countries  where  labor  is  cheap,  or  upon  farms  where  there 
might  happen  to  be  occasionally  labor  unfit  for  more  remunerative 
undertakings.     It  is  not  improbable,  however,  that  this  method 
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might  be  used  BometimeB  with  advantage  by  small  proprietors  in 
this  country  for  obtaining  an  active  fertilizer  from  mixtures  of 
peat  and  old  leather,  or  occasionally  perhaps  for  burning  weeds, 
or  other  refuse  raked  up  from  gardens.  The  process  is  interesting 
from  its  resemblance  to  that  by  which  the  ammonium  salts  of  oom- 
mei*ce  are  obtained  from  coal ;  and,  as  has  been  said,  coal  teaches, 
even  more  emphatically  than  leather,  that  the  nitrogen  in  oi^anic 
compounds  is  not  always  immediately  available  as  a  sourae  of 
plant-food.  What  is  true  of  coal  in  this  sense  is  true  also  in  some 
degree  of  peat,  and  of  vegetable  mould,  the  black  earth  of  ordi- 
nary soils. 

Inert  Nitrogen  of  the  SoU. 

As  has  been  said  already,  it  is  a  fact  of  deep  importance  that 
much  of  the  nitrogen  in  ordinary  soils  exists  there  in  an  inert  and 
comparatively  useless  state,  somewhat  analogous  to  that  in  which 
it  exists  in  leather  or  in  coal. 

Not  only  the  nitrogenized  portions  of  plants  and  of  dung,  but 
even  ammonia  itself,  appear  to  be  changed  in  part  in  the  soil  to 
humus-like  substances,  many  of  which  seem  to  be  incapable  of 
supplying  nitrogen  directly  to  the  higher  orders  of  plants,  though 
others  change  more  or  less  readily  to  ammonia  and  to  nitrates  and 
so  become  gradually  available  for  crops. 

The  humus  of  the  soil  is  never  devoid  of  nitrogen ;  that  in  the 
good  loams  of  Old  and  New  England  may  contain  4  or  5  ^  of 
this  element,  while  in  the  humus  of  the  arid  soils  of  California, 
Hilgard  has  found  almost  16  ^  of  nitrogen,  on  the  average.  Air- 
dried  peat  sometimes  contains  as  much  as  3  <%of  nitrogen.  Lawes 
and  Gilbert  have  estimated  that  the  ordinary  arable  soil  at  Bot- 
hamsted  contains  about  3,000  lb.  of  nitrogen  per  acre  in  the  first 
9  inches  of  depth,  about  1,700  lb.  in  the  second  9  inches,  and 
about  1,500  lb.  in  the  third  9  inches,  i.  e.  about  6,200  lb.  per 
acre  to  the  depth  of  27  inches.  They  have  observed  furthermore 
that  a  sample  of  Oxford  clay  (calcareous)  brought  up  from  a 
depth  of  between  500  and  600  feet  contained  approximately  the 
same  percentage  of  nitrogen,  0.04  ^,  as  the  Bothamsted  subsoil 
at  a  depth  of  4  feet.  They  remark  that  there  are  probably  very 
few  sedimentary  rocks  which  do  not  contain  an  appreciable  amount 
of  nitrogenous  organic  matter. 

It  was  at  one  time  thought  by  some  chemists,  notably  by 
Mulder,  that  this  nitrogen  of  the  soil  is  in  the  form  of  humate  of 
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ammonia,  —  it  being  further  assumed  that  the  hamate  in  question 
is  not  readily  decomposable  by  alkalies,  and  the  other  agents  that 
destroy  ordinary  ammonium  salts.  But  this  view  is  highly  im- 
probable. It  is  true,  indeed,  that  a  part  of  the  nitrogen  com- 
pounds of  the  soil  are  slowly  decomposed,  with  evolution  of  some 
ammonia,  when  brought  into  contact  with  lime  or  the  caustic  alka- 
lies, and  especially  when  heated  with  these  agents ;  but,  on  the 
other  hand,  they  are  only  slightly  decomposed  by  the  weaker  alkali 
magnesia,  though  magnesia  is  well  known  to  be  fully  competent 
to  decompose  ammonium  salts. 

The  probabilities  are  decidedly  in  favor  of  the  view  previously 
expressed,  that  whatever  humate  of  ammonia  may  be  formed 
temporarily  in  the  soil  by  the  absorption  and  fixation  of  any  car- 
bonate of  ammonia,  formed  there  by  the  decay  of  plants  or  ma* 
nures,  must  soon  change  to  the  condition  of  an  inert  nitrogenized 
compound  of  another  order,  which  contains  no  true  ammonia. 

The  fact  that  some  kinds  of  peat  exhale  ammonia  in  burning, 
or  even  in  putrefying,  is  no  evidence  that  the  peat  contains  am- 
monia ready  formed,  any  more  than  the  evolution  of  ammonia 
from  flesh,  bones,  rags,  coal,  and  many  other  nitrogenized  sub- 
stances, under  like  conditions,  is  evidence  that  they  contain  am- 
monia. 

Amida  in  Soils, 

There  are  good  reasons  for  believing  that  much  of  the  soil- 
nitrogen  is  contained  in  compounds  belonging  to  the  class  of 
amids.    Urea,  for  example,  is  an  amid  of  carbonyl, — 

(CO" 

ch^n,o«nJh, 

and  acetamid  is  an  amid  of  acetyl. 

It  is  known  that  amids,  such  as  leucin  (C^Hi^NOg)  and  tyrosin 
(CjHjjNO,) ,  occur  habitually  among  the  products  of  the  decay  of 
albumen  and  allied  substances,  and  it  is  not  improbable  that  these 
particular  amids,  and  others  analogous  to  them,  though  still  more 
difficultly  soluble,  are  formed  in  the  soil  when  albuminous  sub- 
stances, 1.  e.  plants  and  manures,  decay  there. 

In  favor  of  this  view  is  the  fact  just  stated,  that  a  part  of  the 
humus  of  the  soil  slowly  decomposes  when  boiled  with  strong  alka- 
lies, while  ammonia  is  set  free,  much  in  the  same  way  that  the 
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true  amids  are  slowly  decompoBed  with  evolntion  of  ammonia  when 
thus  treated  with  alkalies.  ludeed  it  may  be  said  in  general,  as 
Berthelot  has  insisted,  that  the  nitrogenous  matters  in  soils  not 
only  give  off  some  ammonia  when  they  are  boiled  in  alkaline  solu- 
tions, as  many  well  known  amids  do,  but  that  —  as  is  the  case 
also  with  time  amids  —  small  amounts  of  ammonia  may  be  ob- 
tained from  them  by  boiling  continously  in  acids  or  even  in  pure 
water.  On  thus  boiling  the  soil-compounds  with  an  acid,  it  is 
noticed  that  a  certain  proportion  of  the  nitrogen  compounds  be- 
come soluble. 

But  little  Ammonia  in  Soils. 

It  is  on  account  of  this  evolution  of  ammonia,  when  loams  are 
boiled  with  milk  of  lime,  that  the  old  statements  given  in  the 
books  as  to  the  amount  of  ammonia  in  soils  can  no  longer  be 
accepted  as  strictly  true.  As  regards  the  setting  free  of  ammonia 
when  nitrogenous  matters  are  heated  with  alkalies,  it  is  to  be 
observed  that  much  depends  on  the  degree  of  concentration  of  the 
alkaline  liquor,  as  well  as  upon  the  character  of  the  substance  on 
which  it  is  made  to  act,  and  upon  the  temperature  of  the  liquid. 
In  many  cases,  considerable  quantities  of  ammonia  may  be  liber- 
ated at  temperatures  much  below  that  at  which  water  boils.  Not 
infrequently,  indeed,  a  considerable  evolution  of  ammonia  can  be 
detected  at  temperatures  not  much  higher  than  100^  F. ;  some- 
times it  is  evident  enough  even  at  the  ordinary  temperature  of  the 
air. 

It  is  important,  no  doubt,  to  know  the  fact  that  there  are  sub- 
stances in  the  soil,  through  the  decomposition  of  which  ammonia 
can  readily  be  obtained,  and  it  is  well  to  gain  an  idea  as  to  about 
how  much  of  the  easily  decomposable  substances  may  be  contained 
in  a  given  sample  of  earth.  The  error  was  in  counting  the  easily 
decomposable  matters  as  if  they  were  really  ammonium  compounds. 
From  the  results  of  some  of  these  old  experiments  it  seemed  to 
appear  that  as  much  as  0.10  ^  of  ammonia  might  be  contained  in 
soils  such  as  the  more  accurate  experiments  of  to-day  show  to 
contain  no  more  than  0.001  or  0.002  ^. 

It  was  not  until  Boussingault  substituted  magnesia  for  the 
stronger  alkalies  in  the  analytical  process  of  estimating  ammonia, 
that  any  useful  results  were  obtained,  and  even  the  magnesia  pro- 
cess has  been  improved  upon  latterly.  Many  absurd  hypotheses 
have  been  advanced  on  the  strength  of  the  old  belief,  that  the 
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nitrogen  in  the  soil  is  in  the  form  of  ammonia,  though  it  is  not 
strange  that  the  misconception  should  have  arisen,  for  as  Bonssin- 
gault  has  observed,  the  mere  admixture  of  caustic  lime  with  a 
good  garden  soil  at  the  ordinary  temperature  is  sufficient  slowly 
to  set  free  ammonia  through  the  decomposition  of  the  nitrogenized 
humus. 

Disputes  as  to  the  Comparative  Merit  of  Nitrogen  and  Ash- 
Ingredients  in  Manures. 

It  was  because  of  this  old  error  that  disputes  arose  formerly  as 
to  whether  there  was  any  use  in  applying  nitrogenous  fertilizers 
like  ammonium  sulphate  or  nitrates  to  the  land.  The  argument 
was  that  there  is  plenty  of  ammonia  in  the  soil  already,  and  that 
consequently  only  ash-ingredients  such  as  phosphates  or  potash 
or  lime  need  to  be  applied  to  the  soil  in  order  to  increase  its 
natural  fertility.  Some  chemists  even  went  so  far  as  to  argue 
that  the  good  effects  of  guano  are  due  solely  to  the  phosphate  of 
lime  and  the  potash  that  are  contained  in  it.  The  absurdity  of  all 
such  statements  was  shown  very  emphatically  by  some  of  the 
earliest  experiments  of  Lawes  and  Gilbert,  as  will  appear  from  the 
following  table :  — 

From  an  acre  of  land,  Tber«  was  harrMted 

manured  with  BnahdU  of  Oraia.    Lb.  of  Straw. 

U  tons  farmyard-dung 22.00  U76 

Ash  of  14  tons  farmyard-dung 16.00  1104 

Nothing 16.75  1120 

700  lb.  bone-ash  superphosphate 16.76  1116 

635  lb.  of  the  superphosphate  and  65  lb.  sul- 
phate of  ammonia 21.25  1368 

It  is  now  known  by  every  one  that  the  supposition  that  ash- 
ingredients  alone  are  a  sufficient  manure,  was  fundamentally  wrong. 
In  spite  of  the  fact  that  there  is  usually  a  great  deal  of  nitrogen 
in  the  soil,  it  is  seldom,  in  cold  countries,  that  any  large  propor- 
tion of  it  is  in  a  condition  fit  to  be  immediately  assimUated  by 
plants.  Much  of  the  soil-nitrogen  does,  of  course,  continually 
undergo  change  in  summer  weather,  with  formation  of  nitrates 
upon  which  crops  can  feed,  though  it  is  to  be  noted  that  in  most 
cases  the  nitrogen  in  the  soil  nitrifies  more  slowly  than  that  in 
those  kinds  of  fertilizers,  containing  organic  nitrogen,  which  are 
most  highly  esteemed  by  practical  men.  It  is  the  business  of  the 
farmer  sometimes  to  render  the  soil-nitrogen  assimilable  to  crops, 
and  at  other  times  to  supplement  it  with  supplies  of  active  nitro-i 
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gen  brought  from  the  farmyard  or  from  abroad ;  and  either  the 
one  or  the  other  of  these  acts  may  be  the  more  judicious  according 
to  circumstances. 

The  Soil-nitrogen  Nitrifiea, 

In  hot  countries,  especially,  and  whenever  the  conditions  are 
favorable  for  nitrifying  the  soil-nitrogen,  it  can  be  readily  put  to 
profit  by  many  kinds  of  crops,  notably  by  Indian  com ;  though 
harm  may  sometimes  be  done  by  it  to  some  crops,  as  when  the 
supplies  of  easily  assimilable  nitrogen  are  excessive.  Thus  it  was 
pointed  out  by  Mr.  Russell  many  years  ago,  that  the  hot  summer 
climate  of  the  United  States  practically  restricts  the  cultivation  of 
winter  wheat  to  soils  which  would  be  regarded  as  second-class 
wheat-land  in  England  and  Scotland,  for  when  sown  here  on  rich 
loamy  soils,  winter  wheat  is  apt  to  grow  rank  and  to  suffer  from 
rust  and  mildew,  while  it  may  succeed  well  on  light  gravelly  loams 
rather  deficient  in  vegetable  matter,  and  of  no  more  than  moder- 
ate fertility,  such  as  would  be  little  productive  of  wheat  in  Great 
Britain.  So,  too,  in  respect  to  tobacco,  when  planted  on  rich  clay 
loams,  the  leaves  are  apt  to  grow  coarse  and  to  be  deficient  in 
aromatic  qualities;  hence  a  tendency  nowadays  to  restrict  the 
cultivation  of  this  crop  to  light,  sandy  loams,  which  are  found  to 
be  best  suited  for  producing  tobacco  of  fine  quality. 

As  has  been  said  already,  some  small  part  of  the  inert  nitro- 
gen of  the  soil  may  perhaps  be  derived  occasionally  from  the 
reduction  of  ammonium  salts  and  nitrates ;  but  it  is  none  the  less 
true  that  most  of  it  comes  directly  from  albuminoids  and  other 
compounds  of  nitrogen  which  formed  a  part  of  plants  and  animals 
that  have  decayed  in  or  upon  the  soil.  When  vegetable  matters, 
or  the  remains  of  animals,  or  dung,  undergo  change  in  the  earth, 
a  part  of  the  nitrogen  which  is  contained  in  them  is  converted  into 
ammonium  salts  and  nitrates,  a  small  part  may,  under  exceptional 
circumstances,  escape  into  the  air  as  free  nitrogen  gas,  and  the 
remainder  is  left  in  the  soil  in  the  form  of  the  organic  compounds 
now  under  discussion,  most  of  which  are  insoluble  in  water, 
and,  comparatively  speaking,  inalterable  when  exposed  to  water 
and  air. 

The  Hydrogen  and  Carbon  in  Organic  Matters  waste  away  faster 
than  their  Nitrogen  does. 

It  often  happens  that  micro-organisms  in  the  soil  act  to  destroy 
the  carbon  and  the  hydrogen  in  humus  rather  than  the  nitrogen, 
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80  thaty  after  the  first  hot  fermentation  of  decaying  vegetable  mat- 
ters has  ceased,  the  waste  of  hydrogen  and  carbon  may  be  much 
more  pronounced  than  the  loss  of  nitrogen,  and  the  humus  pro- 
duced may  contain  a  considerably  larger  proportion  of  nitrogen 
than  the  substances  from  which  it  has  been  formed.  This  fact 
has  been  noticed  by  several  different  observers,  and  is  seen  very 
conspicuously  in  the  peculiar  ^'  black  earth "  of  Russia,  which 
may  contain,  when  dry,  according  to  Kotstytcheff,  as  much  as  4, 
or  5,  or  6  ^  of  nitrogen,  while  there  is  no  more  than  1  or  2  ^  of 
nitrogen  in  the  plants  from  which  this  humus  has  been  formed. 
Still  more  extraordinary  is  the  extremely  high  proportion  of  ni- 
trogen (16  ^)  in  the  humus  of  the  arid  soils  of  California.  It  is 
evident  that,  under  the  conditions  of  decay  to  which  vegetable  mat- 
ters are  there  subjected,  the  carbohydrates  which  these  mattera  con- 
tain are  oxidized  more  rapidly  than  the  nitrogenous  constituents, 
and  that  nitrogen  accumulates  in  the  residual  humus  until  this 
substance  may  come  to  contain,  in  some  instances,  a  higher  per- 
centage of  nitrogen  than  is  contained  in  albumen  itself.  (Hilgard 
and  Jaffa.) 

According  to  Loges,  a  certain  part  of  the  inert  nitrogenous  mat- 
ter in  humus  is  soluble  in  muriatic  acid,  and  appears  to  play  the 
part  of  a  weak  base.  He  finds,  at  all  events,  on  leaching  loams 
with  the  acid  and  evaporating  to  dryness  the  liquid  thus  obtained, 
that  a  nitrogenous  black  residue  is  left,  even  when  soils  are  op- 
erated upon  which  contain  but  little  humus.  It  is  evident  that 
this  black  residue  must  be  a  substance  of  different  chemical  charac- 
ter from  the  humic  acids,  since  these  bodies  are  very  little  soluble 
in  muriatic  acid,  and  only  dissolve  therein  to  the  extent  of  faint 
traces.  Analysis  showed  that  a  sandy  soil,  rich  in  humus,  con- 
tained 0.804  ^  of  nitrogen,  and  that  0.322  ^  of  nitrogen  was 
dissolved  out  of  the  soil  by  muriatic  acid.  In  another  instance, 
the  acid  dissolved  0.083  ^  of  nitrogen  from  a  loam  that  con- 
tained 0.367  ofo. 

Berthelot,  in  his  turn,  has  noticed  the  formation  in  the  soil 
of  certain  volatile  nitrogenous  compounds  which  he  regards  as 
ptomaines  that  have  resulted  from  the  activity  of  micro-organ- 
isms. Under  fit  conditions,  these  compounds  seem  to  be  produced 
more  abundantly  than  ammonia. 

Crops  use  much  Soil- Nitrogen, 

From  what  has  been  said,  it  follows  as  a  matter  of  course  that 
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the  amount  of  nitrogen  in  a  soil,  as  determined  by  analysis,  is  no 
fair  test  of  the  power  of  that  soil  to  produce  crops. 

On  the  other  hand,  the  addition  to  certain  crops  of  a  few  pounds 
of  nitrogen  per  acre,  in  the  form  of  guano  or  of  nitrate  of  soda, 
will  often  produce  effects  which  are  out  of  all  proportion  greater 
than  could  be  produced  by  so  small  a  quantity  of  nitrogen  if  it 
were  placed  upon  a  soil  wholly  devoid  of  that  element.  A  good 
example  of  this  forcing  power  of  the  easily  assimilable  nitrogen 
compounds  is  seen  when  nitrate  of  soda  is  applied  to  winter  wheat 
in  the  spring,  i.  e.  at  a  season  when  the  ground  is  still  somewhat 
cold,  and  nitrification  has  not  yet  become  active. 

There  is  much  evidence,  withal,  tending  to  show  that  one  merit 
of  superphosphates  and  of  precipitated  phosphate  of  lime  may  be 
due  to  the  fact  that  soils  charged  with  these  fertilizers  are  thereby 
made  fit  for  the  residence  and  support  of  certain  micro-organisms 
which  have  power  to  convert  the  nitrogen  of  humus  into  com- 
pounds that  can  be  assimilated  by  crops.  A  somewhat  similar 
remark  will  apply  to  potassic  fertilizers  also,  particularly  to  wood- 
ashes,  and  to  mixtures  of  superphosphate  and  a  potash  salt.  For 
example,  Voelcker  applied  to  land  seeded  with  clover  and  Italian 
ray-grass,  a  mixture  of  plain  superphosphate,  made  from  rock,  and 
muriate  of  potash,  at  the  rate  of  4  cwt.  of  each  to  the  acre ;  and 
observed  that  the  effect  produced  on  the  clover-plant  was  truly 
magical.  The  clover  grew  remarkably  strong,  and  the  ray-grass 
was  vigorous  also,  and  very  heavy  crops  of  grass  were  obtained — 
some  15  tons  to  the  acre.  As  compared  with  the  product  from 
unmanured  land,  the  mixed  fertilizers  gave  an  increase  of  9,400  lb. 
grass  to  the  acre,  though  the  superphosphate  used  by  itself  gave 
no  increase,  and  the  potash  salt  by  itself  an  increase  of  only 
2,700  lb. 

In  any  event,  care  must  be  taken  not  to  undervalue  the  soil- 
nitrogen  ;  for  although  it  is,  comparatively  speaking,  inert,  it  is 
by  no  means  absolutely  so. 

Amount  of  Nitrogen  supplied  by  the  Soil. 

Boussingault  found  long  ago,  when  studying  the  influence  of 
several  different  rotations  on  soils  which  were  manured  occa- 
sionally, and  not  very  heavily,  that  there  was  more  nitrogen  in 
the  crops  harvested  in  a  term  of  years  than  had  been  put  upon 
the  land  in  the  manure.  More  recently,  Thaer  has  estimated, 
from  the  results  of  many  trials,  that  of  every  100  lb.  of  nitro- 
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gen  carried  off  the  land  in  ordinary  crops,  about  55  lb.,  on  the 
average,  are  derived  from  the  soil-nitrogen,  and  45  lb.  from  the 
manure.  In  special  trials  made  to  determine  how  much  assimila- 
ble nitrogen  could  safely  be  applied  as  manure,  it  appeared  that, 
during  the  eleven  years  of  the  experiment,  52  lb.  of  nitrogen  were 
harvested,  on  the  average,  per  year  and  per  acre,  while  only  24  lb. 
of  nitrogen  per  year  were  applied  to  the  land  in  the  manure. 
More  than  this  amount  of  nitrogen  could  not  be  applied  com- 
monly, except  at  a  disadvantage.  Rye,  indeed,  bore  35  to  38  lb. 
of  nitrogen  to  the  acre,  and  oats  and  potatoes  43  to  52  lb., 
though  the  lai^est  amount  named  did  not  increase  the  yield  of 
potatoes.  Thaer  concludes  that,  in  general,  and  for  oixlinary  cir- 
cumstances and  conditions,  about  half  as  much  nitrogen  may  be 
applied  in  the  fertilizers  as  would  be  expected  to  be  contained  in 
the  crop. 

The  vast  importance  of  the  soil-nitrogen  is  shown  also  by  the 
fact,  repeatedly  insisted  upon  by  Lawes  and  Gilbert,  that  when 
nitrogenous  fertilizers  are  used  for  forcing  crops  the  increase  of 
the  crop,  over  and  above  what  is  obtained  from  unmanured  land, 
very  seldom  contains  as  much  nitrogen  as  was  put  upon  the  land 
in  the  fertilizer.  In  the  experiments  of  Lawes  and  Gilbert  where 
ammonium  salts,  or  nitrate  of  soda,  together  with  mixed  mineral 
fertilizers,  were  applied  year  after  year  to  wheat,  barley,  oats, 
and  grass,  a  large  proportion  of  the  applied  nitrogen  was  not  re- 
covered in  the  increase  of  the  crops  harvested.  When,  in  addi- 
tion to  mixed  mineral  fertilizers,  ammonium  salts  were  applied 
for  20  years  in  succession,  at  the  rate  of  200  lb.  to  the  acre  an- 
nually, rather  less  than  one-third  of  the  supplied  nitrogen  was 
recovered  in  the  increase  of  the  wheat-crops  (over  and  above  what 
was  obtained  by  the  use  of  the  mixed  minerals  without  any  addi- 
tion of  ammonia) ,  and  nearly  one-half  in  the  increase  of  the  barley- 
crops.  With  the  same  mineral  manures  and  400  lb.  of  ammonium 
salts,  applied  for  20  years  to  wheat,  there  was  recovered  in  the 
increase,  as  before,  scarcely  one-third  of  the  applied  nitrogen. 
When  more  excessive  amounts  of  ammonium  salts  were  used  upon 
wheat,  notably  less  than  one-third  of  the  supplied  nitrogen  was 
recovered,  and  the  greater  the  excess  the  less  was  the  gain.  In 
the  case  of  barley  that  received,  beside  the  minerals,  400  lb.  of 
ammonium  salts  for  6  years,  200  lb.  for  10  years,  and  275  lb.  of 
nitrate  of  soda  for  4  years,  there  was  again  recovered  in  the  in- 
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crease  nearly  one-half  of  the  nitrogen  applied ;  and  when  550  lb. 
of  nitrate  of  soda  (equal  to  400  lb.  of  the  ammonium  salts)  were 
applied  in  the  spring,  there  was  recovered  in  the  increase  of  crop, 
even  with  wheat,  not  much  less  than  half,  and  with  oats  rather 
more  than  half  of  the  applied  nitrogen. 

Significance  of  the  Soil- Nitrogen, 
The  following  table  shows  the  quantities  of  nitrogen  applied 
annually  during  20  years  in  the  form  of  farmyard-manure  and  the 
quantities  of  nitrogen  obtained  annually  in  the  crops  of  wheat  and 
barley.  The  column  headed  **in  produce  by  mineral  manure " 
(devoid  of  nitrogen)  shows  how  much  nitrogen  was  taken  from 
the  soil  itself :  — 


PoimdB  of  nitrogen  per  year  and  per  acre. 

For  each  100  lb.  ni- 

Manure. 
Recovered    Not  re- 
in         coTered 
increase.         in 

increase. 

Bapplied  in 
U  tons  of 
Farmyard- 
Mannre. 

In  produce 
by  MlD- 

end 
Manure. 

In  produce    In  Increase 
by  Farm-          doe  to 

yard-        Farmyard- 
Manure.         Manure.    . 

.     200.7 

20.1 

49.3            29.2 

14.6          85.4 

•     200.7 

23.9 

46.3            21.4 

10.7         89.3 

Wheat  . 
Barley   . 

In  the  case  of  oats  dressed  with  mineral  fertilizers  and  400  lb. 
of  ammonium  salts  during  3  years,  rather  more  than  one-half  of 
the  supplied  nitrogen  was  recovered  in  the  increase  of  the  crop. 
When  rape-cake  was  applied  for  barley,  a  considerably  less  pro- 
portion of  the  nitrogen  was  recovered  than  when  ammonium  salts 
were  used. 

In  the  case  of  farmyard-manure,  applied  to  wheat  and  to  barley, 
very  much  less  of  the  supplied  nitrogen  was  recovered  than  was 
recovered  from  the  artificial  nitrogenous  fertilizers.  On  the  as- 
sumption that  the  dung  used  contained  about  200  lb.  of  nitrogen 
per  year  and  per  acre,  there  was  recovered  in  the  increased  pro- 
duce of  wheat  only  about  one-seventh,  and  in  that  of  barley  scarce- 
ly one -ninth  of  the  nitrogen  supplied  in  the  manure.  But  it  is 
to  be  remembered  that  dung  decomposes  so  slowly  that  its  influ- 
ence may  be  felt  for  many  years.  In  the  year  1875,  Lawes  and 
Gilbert  could  still  perceive  some  slight  effect  due  to  di*es8ings  of 
farmyard -manure  which  had  been  applied  for  the  last  time,  to 
pasture  grass,  in  1863. 

The  mixed  herbage  of  an  old  grass-field,  which  as  the  average 
of  10  years  yielded  2,500  lb.  of  hay  to  the  acre  when  unmanured, 
took  off  35  lb.  of  nitrogen  annually.  When  manured  with  a  mix- 
ture of  mineral  fertilizers  (without  nitrogen),  3,800  lb.  of  hay 
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were  obtained  and  55  lb.  of  nitrogen,  the  increase  being  due  no 
doubt  to  an  increased  growth  of  leguminous  plants.  With  400 
lb.  of  ammonium  salts  and  the  mineral  fertilizers,  6,000  lb.  of 
hay  were  harvested  annually,  and  76  lb.  of  nitrogen ;  and  with  800 
lb.  of  ammonium  salts  (containing  172  lb.  of  nitrogen)  and  the 
minerals,  the  figures  were  6,900  lb.  of  hay  and  103  lb.  of  nitrogen, 
though  this  very  large  quantity  of  ammonia  was  found  to  be  ex- 
cessive and  was  reduced  to  one-half  after  a  few  years. 

With  mineral  manure  and  275  lb.  nitrate  of  soda,  the  figures 
were  5,100  lb.  hay  and  63  lb.  nitrogen,  and  when  the  quantity 
of  the  nitrate  was  increased  to  550  lb.,  the  crops  were  5,900  lb. 
hay  and  68  lb.  nitrogen.  In  the  case  where  14  tons  of  farmyard 
manure  to  the  acre  were  applied  to  the  grass  annually  during  8 
years,  and  no  manure  was  applied  during  the  next  12  years,  results 
were  obtained  which  are  set  forth  in  the  following  table :  — 

Lb.  of  Nltrof^en,  per  acre, 
Applied  in  manure  during  8  years'*  .    .    .    1606 
Beoovered  in  20  years  in  increase  of  crop 
over  that  got  from  unmanured  land      •      291  18.1  % 

Kot  recovered  in  increase 1365  81.9 

Besidue  in  soil  64  inches  deep     ....      529  32.9 

Kot  recovered  In  Increase  or  in  the  soil   .      786  49.0 

When  400  lb.  of  ammonium  salts,  containing  86  lb.  of  nitrogen, 
were  applied  per  acre,  without  any  addition  of  ash-ingredient^ 
the  average  annual  crops  during  10  years  were  3,400  lb.  of  hay 
containing  58  lb.  of  nitrogen ;  and  when  550  lb.  of  nitrate  of  soda, 
containing  very  nearly  the  same  quantity  of  nitrogen  as  the  400 
lb.  of  ammonium  salts,  were  applied  without  any  ash-ingredients, 
the  average  crop  of  hay  during  8  years  was  4000  lb.,  containing 
63  lb.  of  nitrogen.  On  using  half  as  much  of  the  nitrate,  the 
crop  was  3,800  lb.  hay,  containing  56  lb.  of  nitrogen. 

So,  too,  in  Hellriegel's  experiments  upon  grain-plants,  made 
with  the  utmost  care  by  way  of  sand-culture,  there  was  ordinarily 
recovered  in  the  crops  harvested  about  90  %  of  the  nitrogen  which 
had  been  applied  to  the  soil  in  the  seed  and  the  fertilizers ;  and  • 
Wolff  and  Kreuzhage  also  found  in  oat-plants  grown  in  sand, 
fertilized  with  nitrates  and  ash-ingredients,  very  nearly  as  much 
nitrogen  as  was  contained  in  the  seeds  sown  and  the  fertilizera 
applied ;  but  these  observers  got  very  different  results  in  respect 
to  leguminous  plants  grown  in  sand.     Their  leguminous  crops  in- 
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variably  contained  much  more  nitrogen  than  had  been  parpoaely 
added  to  the  soil,  and  it  is  now  known  that  leguminous  crops  may 
obtain  nitrogen  in  a  different  way  from  grain-crops,  as  will  be 
explained  directly  in  the  chapter  on  Symbiosis,  and  that  they  may 
grow  quite  independently  of  the  nitrogen  of  the  soil,  or  even  of 
that  applied  as  manure,  since  they  are  often,  or  perhaps  usually 
supplied  with  nitrogen  from  the  air. 

Lawes  and  Gilbert  found  that  root-crops  usually  returned  to 
them  a  larger  proportion  of  the  nitrogen  applied  in  the  fertilizers 
than  cereal  crops  did.  In  one  set  of  experiments,  for  example, 
they  grew  sugar-beets  five  years  in  succession,  and  manured  one 
parcel  during  the  first  three  years  heavily  with  nitrate  of  soda,  in 
addition  to  other  things ;  and  on  calculating  the  amount  of  nitro- 
gen taken  up  by  these  five  crops  of  beets  grown  with  nitrate  of 
soda,  first  deducting  the  produce  grown  on  contiguous  plots 
manured  with  ash-ingredients  alone,  it  appeared  that  the  quantity 
of  nitrogen  obtained  was  very  nearly  equal  to  the  amount  that  had 
been  supplied  in  the  form  of  nitrate  of  soda. 

Endurance  of  Farmyard-Manure. 

Gasparin  has  reported  of  southeastern  France,  where  the  old 
Roman  two-courae  rotation  is  practised,  viz. :  I.  Wheat,  II.  Fal- 
low, that  land  on  which  no  manure  has  been  put  for  several  years 
cornea  to  yield  about  10  bushels  of  wheat  to  the  acre,  every  second 
jpear.  If  this  land  is  manured  at  the  rate  of  11  tons  to  the  acre 
of  farmyard-manure  containing  110  lb.  of  nitrogen,  the  first  crop 
of  wheat  will  amount  to  20  bushels,  and  nearly  a  ton  of  straw ; 
two  years  later  the  crop  will  amount  to  14  bushels  of  grain,  and 
1800  lb.  of  straw.  But  unless  a  new  application  of  manure  is 
made,  the  next  crop  (i.  e.  the  crop  of  the  fifth  year)  will  fall  back 
to  the  original  10  bushels  of  grain.  It  appears  that  on  that  soil 
the  influence  of  the  manure  is  felt  for  three  years,  and  that  two 
crops  of  wheat  exhaust  the  goodness  of  the  manure. 

In  the  experiments  of  Bee,  made  on  a  poor,  calcareous  soil  in 
France,  10  bushels  of  wheat  and  830  lb.  of  straw  to  the  acre  were 
•  harvested  on  unmanured  land,  and  the  crop  carried  off  16  lb.  of 
nitrogen.  But  on  land  dressed  with  11  tons  of  farmyard-manure 
to  the  acre,  whereby  110  lb.  of  nitrogen  to  the  acre  were  applied, 
the  next  crop  was  16.4  bushels  of  wheat,  and  1275  lb.  of  straw, 
and  the  next  year  there  was  obtained  38.5  bushels  of  oats  and 
1687  lb.  of  straw.     Since  this  oat-crop,  taken  the  year  after  the 
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wheat,  carried  off  28  lb.  of  nitix>gen,  it  appeared  that  the  power 
of  maDare  had  not  been  wholly  exhausted,  as  might  have  been  the 
case  if  the  land  had  been  left  fallow  and  been  cultivated  frequently, 
as  was  done  in  the  previous  experiments  relating  to  the  old  two- 
course  rotation.  The  justice  of  this  obsei*vation  of  Gasparin  has 
been  repeatedly  illustrated  in  recent  years  by  experiments  on  the 
waste  of  farmyard-manure  in  the  soil  through  nitrification  and  the 
percolation  of  nitrates  in  the  drain-water. 

In  another  set  of  experiments  on  the  same  kind  of  soil,  in  place 
of  the  farmyard-manure,  660  lb.  of  rape-cake  to  the  acre  were 
applied.  This  fertilizer  contained  45  lb.  of  nitn^en.  There  was 
harvested  in  the  first  year,  20  bushels  of  wheat  and  a  ton  of  straw ; 
and  in  the  second  year  28  bushels  of  oats  were  obtained,  and  1870 
lb.  of  straw.  This  oat-crop  carried  off  21  lb.  of  nitrogen,  which 
was  more  than  the  first  crop  of  wheat  had  taken  from  the  un  ma- 
nured land,  though  somewhat  less  than  the  oat-crop  took  from  the 
land  dressed  with  farm-manure.  It  appeared  that  the  rape-cake 
acted  a  little  more  quickly  than  the  manure,  that  its  chief  action 
was  in  the  first  year,  and  that  the  goodness  of  it  had  not  been  com- 
pletely exhausted  by  the  crop  of  the  second  year. 

It  may  here  be  said  that  trials  were  made  with  guano,  also,  in 
comparison  with  the  foregoing  experiments,  and  that  there  was 
obtained,  after  a  dressing  of  660  lb.  guano  to  the  acre,  i.  e.  of  79 
lb.  of  nitrogen,  a  crop  of  29  bushels  of  wheat  and  2  tons  of  straw, 
and  afterwards  a  crop  of  oats  that  yielded  30  bushels  of  grain  and 
1330  lb.  of  straw.  Since  this  oat-crop  of  the  second  year  carried 
off  more  nitrogen  (22  lb.  to  the  acre)  than  had  been  carried  off 
by  the  corresponding  crops  dr^sed  with  farm-manure  and  oil-cake, 
it  is  evident  that  the  virtue  of  the  guano  had  not  yet  been  com- 
pletely exhausted. 

Striking  evidence  of  the  extremely  slow  action  of  that  very 
large  proportion  of  farmyard-manure  which  is  not  put  te  use  by 
crops  in  the  first  years  of  its  application  is  afforded  by  the  experi- 
ments of  Lawes  and  Gilbert  on  the  continuous  growing  of  pota- 
toes. During  6  consecutive  years,  the  land  received  annually  14 
long  tons  of  farmyard-manure,  estimated  to  contain  about  200  lb. 
of  nitrogen,  and  there  were  harvested  per  year  and  per  acre,  5  tons 
and  5  cwt.  of  tubers  on  the  average.  During  the  next  6  years,  no 
manure  was  put  upon  the  land,  and  the  crops  during  these  years 
weighed  3  tons  and  1  cwt.  on  the  average,  a  quantity  which  was  less 
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than  the  average  produce  obtained  by  using  a  mixture  of  mineral 
fertilizers  that  contained  no  nitrogen.  All  of  which  goes  to  show 
that  a  large  part  of  the  mineral  matter  in  manure,  as  well  as  much 
of  the  nitrogen,  is  not  readily  assimilable  by  plants ;  or,  at  the 
least,  that  it  is  not  easily  assimilable  after  having  lain  in  contact 
with  the  soil  during  several  years. 

In  their  experiments  on  barley  also,  after  farmyard-manure  had 
been  applied  continuously  during  20  years,  the  plot  was  divided, 
and  thenceforth  one-half  of  it  got  no  manure,  while  the  other  half 
was  manured  as  before.  Ten  years  after  the  last  application  of 
the  manure,  the  effect  produced  by  the  residues  of  the  old  manur- 
ings  was  still  very  apparent  in  the  size  of  the  crops,  and  the  soil 
was  then  found  to  contain  more  nitrogen  and  more  nitrates  than 
any  'other  plot  in  the  field,  with  the  exception  only  of  the  one  con- 
tinuously dressed  with  farmyard-manure. 

Some  Crops  use  Soil- Nitrogen  freely. 

Not  only  is  it  a  fact  of  familiar  observation  that  the  soil-nitro- 
gen is  useful,  but  it  has  been  shown  repeatedly  by  methodical 
experiments  that  very  large  quantities  of  nitrogen  are  often  taken 
off  in  crops  from  land  which  has  received  no  manure  whatever. 
Thus  it  was  found  by  Lawes  and  Gilbert  that  wheat  grown  upon 
one  piece  of  unmanured  land  for  32  years  in  succession  took  off, 
on  the  average,  21  lb.  of  nitrogen  per  year  and  per  acre,  — more 
than  600  lb.  in  all,  it  will  be  noticed.  Upon  an  adjacent  plot  that 
was  dressed  with  a  mixture  of  mineral  manures,  the  wheat-crop 
took  off  22  lb.  of  nitrogen  per  year  and  acre. 
^  A  barley-crop  took  off  18^  lb.  and  22^  lb.  of  nitrogen  per  year 
during  24  years,  when  unmanured. and  when  manured  with  ash- 
ingredients. 

A  series  of  root-crops  took  off  27  lb.  of  nitrogen  per  year  during 
31  years,  from  a  plot  manured  with  ash-ingredients. 

Beans  took  off  31^  lb.  of  nitrogen  per  year  from  unmanured 
land  during  24  years,  and  45^  lb.  from  land  dressed  with  mineral 
fertilizers. 

Red  clover  took  off  annually,  during  22  years,  30.5  lb.  from 
unmanured  land,  and  40  lb.  from  land  dressed  with  mineral  ferti- 
lizers. 

Oraducd  Exhaustion  of  Soil-Nitrogen. 

It  was  noticed,  furthermore,  that,  during  these  long  terms  of  cul- 
tivation, rather  more  nitrogen  was  taken  off  in  the  crops  during 
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the  earlier  years  than  was  taken  toward  the  cloee  of  the  term. 
Thns,  while  the  unnianured  wheat-crop  took  off  21  lb.  of  nitrogen 
per  year  on  the  average  of  31  years,  it  took  off  25|  lb.  on  the 
average  of  the  first  8  years,  and  23  lb.  on  the  average  of  the  first 
12  years. 

It  would  seem,  therefore,  that  the  nitrogen  in  the  soil,  derived 
from  previous  accumulations,  was  gradually  used  up  by  the  con- 
tinued cropping ;  and  in  fact,  careful  analyses,  made  at  different 
periods  of  the  soil  of  the  fields  where  these  experiments,  were  con- 
ducted, showed  conclusively  that  there  was  an  appreciable  reduc- 
tion of  the  amount  of  nitrogen  in  the  soil  as  the  years  went  on. 
After  40  years'  persistent  cropping  of  the  good  land  with  wheat, 
it  appeared  that  the  origmal  stock  of  organic  nitrogen  (as  well  as 
the  stock  of  potash  and  phosphoric  acid)  had  been  considerably 
reduced,  although  there  was  still  left  enough  of  all  these  constitu- 
ents to  indicate  that  wheat  might  be  grown  on  that  land  for  a  very 
long  period. 

Warington  has  remarked  that  the  fact  that  wheat  can  be  con- 
tinuously grown  on  such  a  soil  with  fair  results  is  due  to  the  small 
demands  of  the  crop  and  to  its  great  capacity  for  appropriating 
the  mineral  food  of  the  soil ;  and  it  will  be  well  to  bear  in  mind 
also  the  fact  that  the  power  of  the  wheat-plant  thus  to  appropri- 
ate food  depends  in  good  part  on  the  circumstance,  that  the  soil 
is  usually  fairly  well  charged  with  moisture  during  those  months 
when  the  crop  is  growing.  In  experiments  on  the  4-course  rota- 
tion where  the  land  was  unmanured  during  44  years  and  all  the 
produce  was  removed,  wheat  was  the  crop  which  gave  the  largest 
weight  of  produce  per  acre  during  this  long  period.  The  practical 
difficulty  attending  the  continuous  growing  of  wheat  in  England  is 
that  of  keeping  the  land  clean,  and  this  difficulty  is  of  course 
greatest  upon  a  heavy  soil,  in  a  moist  climate,  and  with  a  poor 
wheat-crop. 

There  is  of  course  an  essential  difference  between  cultivated 
land,  from  which  crops  are  continually  taken,  and  wild  land  upon 
which  plants  grow  and  die  and  decay  and  so  give  back  every  year 
the  food  they  had  taken  from  the  soil.  In  actual  farm  practice 
manure  is  applied  to  compensate  for  the  materials  which  crops  re- 
move. 

Running  out  of  Land, 

The  using  up  of  the  soil-nitrogen  by  excessive  or  injudicious 
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cropping  is  usually  the  cause  Qf  the  so-called  ^^ running  out"  of 
land.  Unless  land  contains  in  the  beginning  an  abundant  store 
of  fertility,  and  particularly  a  great  reservoir  of  humus,  and  unless 
ameliorating  crops  are  grown  upon  it  occasionally,  the  nitrogen 
will  waste  away  and  the  land  will  fall  into  bad  condition.  Every 
year  a  certain  proportion  of  the  nitrogen  in  the  organic  matters  in 
the  soil  is  nitrified  by  the  action  of  the  microscopic  ferments,  and 
while  a  part  of  the  nitrates  thus  formed  is  consumed  by  the  grow- 
ing crops^  another  part  is  washed  out  of  the  land  in  the  drain- 
water,  especially  in  wet  seasons,  some  portion  of  the  nitrogen  may 
become  more  inert  than  it  was  in  the  beginning,  and  still  another 
part  may  be  reduced  and  destroyed  by  useless  fermentations. 

As  Lawes  and  Gilbert  have  said,  ^'  soils  contain  nitrogenous 
matters  which  nitrify  with  different  degrees  of  facility.  The  bulk 
of  the  nitrogenous  matter  of  soil  is  only  capable  of  very  slow 
oxidation,  but  a  smaller  proportion  is  far  more  readily  converted 
into  nitrates.  In  thoroughly  exhausted  land  the  easily  nitrifiable 
matter  has  to  a  large  extent  disappeared,  while  on  soils  in  good 
agricultural  condition  it  is  continually  renewed  by  fresh  crop- 
residues  or  by  the  application  of  organic  manures.  This  easily 
nitrifiable  matter  constitutes  a  chief  part  of  the  floating  capital  of 
the  soil,  on  which  its  immediate  productiveness  depends.  The 
larger  quantity  of  more  inert  nitrogenous  matter  constitutes  the 
sunk  capital  which  only  very  slowly  becomes  available." 

An  idea  of  the  rate  at  which  soil-nitrogen,  taken  from  fertile 
fields,  may  be  changed  to  nitrates  under  favorable  conditions  — 
as  compared  with  the  rapid  nitrification  of  farmyard-manure  in 
similar  fields  —  may  be  got  from  the  results  of  some  experiments 
made  by  Deh^rain  on  different  kinds  of  soils,  as  stated  in  the 
following  table.  One  series  of  well-drained  jars  of  glazed  earthen- 
ware was  charged  with  the  unmanured  soils  to  be  examined,  50 
kilos,  of  earth  being  placed  in  each  jar ;  while  another  series  of 
similar  jars  was  charged  with  50  kilos,  portions  of  mixtures  of  the 
soils  and  farmyard-manure.  Into  each  of  these  mixtures  there 
had  been  put  one  kilo,  of  the  manure  which  contained  5  grm.  of 
nitrogen.  All  the  jars  were  kept  free  from  vegetation  and  were 
maintained  under  conditions  favorable  for  nitrification.  The  fig- 
ures of  the  table  represent  the  quantities  of  nitrate-nitrogen  which 
passed  out  from  the  soils  in  the  drainage-waters  during  the  months 
March  to  October :  — 
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MlUiirnuDi  of  Nitrate-nitroiren  in  the 
Kind  of  Soil.  drain-water  from  tlie  soUb  when 

Maunred.  Unmanured. 

Light,  somewhat  calcareous .     .    .  2224  1131 

Strong,  clayey 1307  695 

Strong,  rich  in  humus 1411  660 

"       from  another  locality    .    .  1205  727 

Whence  it  appears  that  under  the  exceptionally  favorable  con- 
ditions of  the  experiment  about  one-half  of  the  nitrate-nitrogen  iu 
the  drain- waters  came  from  the  nitrogenous  matters  natural  to  the 
soils,  and  the  other  half  from  the  manure.  It  appeared  further- 
more, even  in  the  very  most  favorable  instance  of  the  light  cal- 
careous soil,  that  only  one-fifth  part  of  the  nitrogen  of  the  manure 
was  nitrified  during  the  year  of  its  application,  while  four-fifths 
of  it  remained  in  the  soil  to  be  gradually  oxidized  in  subsequent 
years,  and  so  to  re-enforce  future  applications  of  manure.  In  two 
of  the  other  instances  one-seventh  of  the  nitrogen  of  the  manure 
was  nitrified,  and  in  the  last  instance  one-tenth,  in  the  first  year. 

Since,  in  attempting  to  grow  root-crops  without  any  manure, 
the  produce  falls  off  to  next  to  nothing  after  a  few  years,  the 
figures  of  Lawes  and  Gilbert,  as  cited  above,  refer  to  the  plot  that 
was  dressed  with  a  complex  mineral  fertilizer,  and  in  this  case 
much  more  nitrogen  was  taken  off  during  the  earlier  than  in  the 
later  years. 

During  the  first  8  years  of  turnips,  the  average  yield  of  nitrogen 
was  42  lb.  each  year.  During  the  next  3  years  the  land  carried 
barley,  which  yielded  24^  lb.  of  nitrogen  per  year.  During  the 
next  15  years,  13  of  which  were  with  Swedish  turnips,  and  2  with- 
out any  crop,  there  was  a  yield  of  18^  lb.  of  nitrogen  per  year, 
and  during  the  last  5  years  sugar-beets  yielded  13  lb.  of  nitrogen 
per  year.  Here  there  was  a  reduction  to  less  than  one-third  dur- 
ing the  later  years,  as  compared  with  the  earlier.  Lawes  and  Gil- 
bert found,  furthermore,  that  the  root-crops  exhiaust  the  upper 
layers  of  the  soil  of  their  available  supplies  of  nitrogen  more  com- 
pletely than  any  other  kind  of  crops. 

Clover  and  beans,  on  the  other  hand,  and  in  general  the  legumi- 
nous crops,  did  not  thus  exhaust  the  surface  soil  of  nitrogen,  but 
seemed  to  get  their  supplies  from  below.  As  we  now  know,  these 
crops  support  upon  their  roots  ceiiiain  micro-organisms  which  are 
capable  of  obtaining  nitrogen  from  the  air.  Thanks  to  the  action 
of  these  organisms,  the  surface-soil  is  left  by  a  clover-crop  richei 
in  nitrogen  than  it  was  before. 
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Large  Amounts  of  Nitrogen  in  Chod  Soils. 

Attention  has  often  been  called  to  the  very  large  amoonts  of 
reserve  nitrogen  that  occur  in  cultivated  soils.  Erocker,  and 
Payen  also,  showed  long  ago  that  they  rarely  contain  less  than 
0.1  %  of  nitrogen  (say  3,500  lb.  to  the  acre,  taking  the  loam  as 
one  foot  deep) ,  and  that  they  usually  contain  a  much  larger  quan- 
tity. A.  Mueller  found,  on  the  average,  0.26  %  of  nitr(^en  in 
the  surface-soils  of  regions  poor  in  lime,  and  0.15  ^  in  their  sub- 
soils. In  the  surface-soils  of  limestone  regions  he  found,  on  the 
average,  0.66  ^  of  nitrogen.  In  several  instances  he  found  from 
0.9  to  0.96  %.  Mueller's  averages  for  the  surface-soils  are  equiv- 
alent to  3.7  ^  and  4.6  ^  of  the  organic  matter  in  the  soils.  From 
the  analyses  of  a  large  number  of  soils  taken  from  sugar-beet  fields 
in  all  parts  of  Germany,  Grouven  has  shown  that  the  proportion 
of  nitrogen  in  the  humus  of  good  soils  ranges  fi*om  1.7  to  7.2  ^. 
The  average  of  his  analyses  was  3.6  %.  Boussingault,  also,  on 
analyzing  a  number  of  loams  of  good  quality  from  widely  differ- 
ent localities,  found  from  6,000  lb.  to  more  than  30,000  lb.  of  ni- 
trogen to  the  acre,  taken  to  the  depth  of  14  inches,  which  was  in 
the  more  or  less  inert  condition  above  described.  All  this  nitro- 
gen is  naturally  to  be  thought  of  as  additional  to  the  comparatively 
small  amounts  of  nitrates  and  ammonium  compounds  which  are 
usually  found  in  loams. 

In  this  country,  Hilgard  and  Jaffa  have  found  from  1.25  to 
5  ^  of  actual  humus,  in  soils  from  humid  regions  that  were  fairly 
well  charged  with  humus,  and  that  the  proportion  of  nitrogen  in 
this  humus  is,  on  the  average,  about  5  %,  while,  as  has  been  said, 
they  find  almost  16  ^  of  nitrogen  in  the  humus  of  arid  upland 
soils  from  California ;  whence  it  appears  that  these  arid  soils  are 
really  well  provided  with  nitrogen,  although  the  quantity  of  humus 
may  amount  to  no  more  than  0.75  ^  of  the  soil. 

Loam  may  contain  as  much  Nitrogen  as  Manure  does. 

On  comparing  good,  cultivable  soils  with  farmyard-manure,  it 
will  be  found  not  infrequently  that,  weight  for  weight,  the  soil  con- 
tains as  much  nitrogen  as  the  manure.  Even  when,  as  commonly 
happens,  there  are  two  or  three  times  as  much  nitrogen  in  a  given 
weight  of  farmyard-manure  as  in  the  same  weight  of  the  soil  to 
which  it  is  applied,  it  will  still  remain  true  that  the  absolute  ad- 
dition of  nitrogen  to  that  already  in  the  soil,  which  is  made  by  an 
ordinary  application  of  farmyard-manure,  is  extremely  small,  i.  e* 
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as  compared  with  the  great  mass  of  nitrogen  already  in  the  land. 
It  is  the  superior  quality  of  the  dung-nitrogen  and,  doubtless,  the 
ferment-organisms  which  manure  brings  to  the  land,  as  well  as  the 
action  of  the  manure  to  hold  moisture  in  the  soil,  which  make  the 
use  of  the  dung  so  very  important.  Anderson  determined,  ac- 
cording to  one  and  the  same  definite  plan,  the  amounts  of  nitrogen 
and  of  organic  matter  in  soils  and  manures  taken  from  8  different 
farms  in  Scotland,  and  obtained  the  results,  which  are  given  in 
the  following  table :  — 

The  soil  from  farm  a  contained 
The  manure  from  farm  a  " 
The  soil  from  farm  6  '• 
The  manure  from  farm  h  ** 
The  soil  from  farm  c  " 
The  manure  from  farm  c  " 
The  soil  from  farm  d  '* 
The  manure  from  farm  d  " 
The  soil  from  farm  e  '* 
The  manure  from  farm  e  " 
The  soil  from  farm/  " 

The  manure  from  farm/  ** 
The  soil  from  farm  g  « 
The  manure  from  farm  g  *' 
The  soil  from  farm  h  ** 
The  manure  from  farm  h  " 

Enormous  Importance  oftfie  Soil-Nitrogen. 
Under  fit  conditions  as  to  tillage  and  crops,  and  with  suitable 
additions  to  the  soil  of  phosphates  or  potash  compounds  (or  both) 
to  promote  the  growth  of  the  microdemes  which  cause  fermenta- 
tion, these  great  stores  of  soil-nitrogen,  which  are  so  abundant  that 
they  might  almost  be  regarded  as  inexhaustible,  become  gradually 
available  for  feeding  crops.  There  is  hardly  a  more  important 
problem  in  agriculture  to-day  than  the  perfecting  of  methods  for 
using  these  great  natural  supplies  of  nitrogen  to  the  best  possible 
advantage,  although  it  is  true  that  already,  from  time  immemorial, 
cultivators  have  often  found  it  to  be  more  advantageous  and  more 
economical  to  improve  the  quality  of  the  soil-nitrogen  by  tillage 
combined  with  fallows  and  rotations,  than  to  buy  fertilizers,  or 
than  to  keep  cattle  for  the  sake  of  producing  more  manure.  See, 
also,  the  chapter  on  Symbiosis. 


Onpuiio  Matter  %. 
6.07 

Nitrogen  %. 
0.14 

20.17 

0.41 

6.67 
16.24 

0.16 
0.46 

6.69 
11.19 

0.14 
0.49 

9.86 
21.68 

0.29 
0.49 

4.96 
7.24 

0.22 
0.19 

9.66 
11.39 

0.27 
0.34 

6.96 
11.47 

0.18 
0.32 

8.60 
13.17 

0.26 
0.36 

78  AGRICULTURB. 

Peai  as  a  Source  of  Nitrogen. 

It  is  not  in  arable  loams  alone,  and  in  leaf -mould,  that  the  inert 
nitrogen  compounds  are  found.  Here  in  New  England,  great  quan- 
tities of  them  are  to  be  had,  at  small  cost,  in  the  form  of  peat, 
swamp-mud,  or  marsh-mud,  as  well  as  in  the  form  of  old  sods 
taken  from  headlands  and  from  beside  walls ;  and  upon  many  ex- 
cellent farms  it  was  customary  formerly  to  put  such  materials  to 
use.  Indeed,  peat  deserves  to  be  treated  of  as  a  nitrogenized  ma- 
nure as  much  as  several  of  the  substances  which  have  been  men- 
tioned in  the  preceding  pages. 

As  here  used,  the  term  peat  applies  to  any  bog-earth  of  vege- 
table origin ;  it  includes  bog-meadow-mud  and  marsh-mud,  as  well 
as  the  more  perfect  peats,  about  the  naming  of  which  there  could 
be  no  question.  The  New  England  term  '*  muck,"  of  course,  falls 
within  the  above  definition.  In  the  Queen's  English,  the  word 
muck  simply  means  manure,  i.  e.  well-rotted  dung.  Excepting  in 
the  fens  of  Lincolnshire,  it  has  no  special  reference  to  any  kind 
of  peat  or  bog-mud.  The  New  England  application  of  the  word 
to  bog-eai*th  is  a  mere  provincialism,  natural  enough  in  a  land  of 
hungry  gravels,  where  custom  requires  the  farmer  to  try  to  culti- 
vate 4  or  5  times  as  much  land  as  he  can  manure  from  his  barn- 
yard. 

It  happens,  too,  as  Professor  Johnson  has  urged,  that  in  New 
England  the  number  of  small,  shallow  depressions,  containing  un- 
ripe or  impure  peat,  is  much  greater  than  that  of  large,  deepb<^8. 
Oar  farmers  are,  in  fact,  more  accustomed  to  the  class  of  deposits 
which  they  call  '<  mucky,"  than  to  those  that  would  be  called  peat 
by  everybody  without  question.  It  may  be  said  that  peat,  no 
matter  of  what  grade,  almost  always  contains  a  considerable  quan- 
tity of  nitrogen. 

A  moment's  consideration  as  to  the  mode  of  formation  of  peat 
teaches  ^hat  this  must  be  so,  for  all  kinds  of  peat  have  resulted 
from  the  partial  decay  of  vegetable  matters.  Peat  is  formed  in 
boggy  places  where  water  stands  at  rest.  In  this  water,  succes- 
sive crops  of  various  aquatic  mosses  grow,  often  with  great  rapid- 
ity, and  they  die  where  they  have  grown,  in  such  wise  that  great 
accumulations  of  partially  decomposed  vegetable  matter  result.  It 
has  been  said  of  certain  bogs  in  Hanover,  that  the  trenches  from 
which  peat  has  been  dug  fill  up  again  evei*y  30  years  to  a  depth 
of  4  to  6  feet  with  new  accumulations  of  peat.     (Stamm.)     In 
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like  manner,  the  extremely  rapid  growth  of  peat  in  Scotland  has 
been  insisted  on  by  Angus  Smith. 

It  is  easy  to  see  that  peats  and  peaty  soils  formed  in  this  way 
will  be  likely  to  contain  appreciable  quantities  of  nitrogen,  while 
they  will  commonly  be  poor  in  inorganic  matters,  unless,  indeed, 
sand  or  clay  or  silt  happens  to  have  been  washed  in  upon  them 
during  or  subsequent  to  their  formation. 
Analyses  of  Peat. 

In  30  Samples  of  peat,  of  all  sorts  and  kinds,  analyzed  at  the 
Yale  laboratory  under  Professor  Johnson's  direction,  the  propor- 
tion of  nitrogen  varied  from  0.4  to  2.9  ^.  The  average  amount 
of  nitrogen  was  1 .5  %  of  the  air-dried  peat ;  or  more  than  three 
times  as  much  as  is  contained  \n  oMinary  barnyard-manure.  In 
several  of  the  peats  the  amount  of  nitrogen  was  as  high  as  2.4  %  ; 
the  low  average  percentage  Just  given  was  due  to  the  fact  that 
many  of  the  samples  analyzed  were  of  manifestly  poor  quality. 
Fully  one-half  of  the  specimens  were  largely  mixed  with  soil,  and 
contained  from  15  to  60  ^  of  mineral  matters.  One  was  a  sample 
of  mud  from  a  salt-marsh,  and  it  contained  1.4  ^  of  nitrogen. 

It  is  a  matter  of  experience,  however,  that  peats  are  occasion- 
ally met  with  that  contain  comparatively  little  nitrogen.  Mulder, 
for  example,  mentions  a  brown  peat  from  Friesland,  which  on 
being  leached  with  soda-lye  yielded  humic  acids  which  contained 
no  more  than  a  trace  of  nitrogen.  Hence,  in  case  a  farmer  should 
happen  to  have  several  kinds  of  peat  to  choose  between  he  might 
do  well  to  scrutinize  each  of  them  carefully  and  to  prove  by  ex- 
periment which  of  them  is  best  suited  to  his  purposes.  Generally 
speaking,  by  far  the  larger  part  of  the  nitrogen  in  peat  exists  in  a 
form  that  is  insoluble  in  water,  and  compfuratively  inert,  con- 
sidered as  a  source  of  plant-food.  In  spite,  however,  of  this 
inertness,  it  is  a  matter  of  familiar  observation  and  experience, 
that  the  peat-nitrogen  may  be  made  to  contribute  to  the  support 
of  crops,  and  that  it  has  consequently  a  considerable  money 
value. 

Peat  undergoes  Change  in  the  Air. 

It  would  appear  that  when  peat  is  exposed  to  the  action  of  the 
air,  as  when  mixed  with  any  ordinary  cultivated  soil,  its  nitrogen 
slowly  undergoes  change,  and  that  some  of  it  is  gradually  made 
available  for  the  plant,  much  in  the  same  way  that  the  nitrogen  of 
rags  or  of  bone-meal  would  be  under  similar  conditions.     With 


80  AGRICULTURE. 

regard  to  this  point,  it  should  be  said  that  investigations  by  Xes- 
sler  have  shown  that,  although  the  nitrogenous  constituents  of 
peat  decompose  in  the  soil  more  slowly  than  the  altered  ossein  in 
meal  from  steamed  bones,  they  do  nevertheless  in  some  cases  de- 
compose more  quickly  than  the  nitrogenous  components  of  wool, 
or  than  the  ossein  in  coarse  meal  from  raw  bones,  or  than  those 
in  leather-meal,  either  that  from  crude  leather  or  from  torrefied 
leather. 

According  to  Marchal,  through  the  action  of  the  bacteria  proper 
to  such  soils,  the  nitrogenous  constituents  in  the  humus  of  mellow 
sandy  loams  are  changed  to  ammonia  together  with  small  quanti- 
ties of  peptones,  leucin,  tyrosin  and  fatty  acids.  The  most  favor- 
able conditions  for  the  activity  of  these  bacteria  are  moisture,  a 
temperature  of  about  86^  F.,  adequate  access  of  air  and  a  slight 
alkalinity.  In  sour  humus  changes  of  somewhat  different  char- 
acter occur,  and  they  are  to  be  attributed  to  a  considerable  extent 
to  the  action  of  moulds  which  suffer  much  less  from  the  presence 
of  acids  than  the  bacteria  do.  It  is  easy,  in  any  event,  to  hasten 
this  process  of  conversion  into  plant-food  by  neutralizing  the 
natural  acidity  of  the  peat  by  means  of  an  alkali,  such  as  lime, 
wood-ashes,  or  potashes ;  or  by  composting  the  peat  with  dung,  or 
fish,  or  flesh,  as  will  be  explained  under  the  head  of  Composts. 

It  is  to  be  inferred,  moreover,  from  the  observations  of  Brunne- 
mann,  that  some  of  the  nitrogen  in  moor-earth  may  be  made  avail- 
able as  plant- food  by  the  action  of  non-alkaline  potash  salts,  such 
as  the  sulphate  and  the  chloride.  To  test  this  matter,  Hess  mixed 
samples  of  moor-earth  with  kainit,  and  with  potassium  sulphate 
and  chloride,  as  well  as  with  gypsum,  with  lime,  and  carbonate  of 
lime.  He  kept  the  moist  mixtures  in  glass  bottles  for  a  year  and 
a  half  and  then  leached  them  with  water,  in  order  to  determine 
how  much  of  the  nitrogen  of  the  humus  had  become  soluble.  It 
appeared  that,  from  the  mixtures  which  contained  potash  salts, 
water  dissolved  out  about  8  times  as  much  nitrogen  as  could  be 
dissolved  from  the  plain  moor-earth,  and  even  that  considerable 
quantities  could  be  dissolved  from  the  mixture  which  contained 
gypsum.  It  was  noticed  that  the  amount  of  organic  matter  dis- 
solved was  proportional  to  the  amount  of  nitrogen  dissolved,  and 
that  the  solutions  contained  much  acid.  But  since  the  quantities 
of  nitrogen  corresponded  with  those  of  acid,  there  was  evidently 
some  kind  of  connection  between  the  nitrogen  and  the  acid.    It  is 
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not  impossible  indeed  that  the  dissolved  nitrogen  may  have  been 
in  the  form  of  a  base  or  bases  similar  to  those  detected  by  Loges 
in  humus. 

Hess  noticed  furthermore  that  large  quantities  of  lime  as  well 
as  of  nitrogen  were  dissolved  out  by  water  from  the  moor-earth 
which  had  been  mixed  with  sulphates  and  chlorides.  Indeed  al- 
most the  whole  of  the  lime  in  the  earth  was  removed  in  this  way. 
As  regards  the  jars  which  contained  quicklime,  or  carbonate  of 
lime V  and  moor-earth,  it  was  observed  a  few  weeks  after  the  mix- 
tures had  been  made  that  there  was  formed  a  brown,  glutinous 
substance  of  offensive  odor.  But  it  was  thought  that  this  sub- 
stance decomposed  subsequently,  for,  at  the  end  of  the  year  and  a 
half,  no  more  nitrogen  could  be  dissolved  out  from  these  mixtures 
by  means  of  water  than  was  got  from  moor-earth  alone. 
Some  Peats  readily  evolve  Ammonia. 

For  some  kinds  of  peat,  at  least,  it  is  true  that  ammonia  may 
be  formed  from  their  nitrogen  compounds  continually,  when  the 
peat  is  kept  in  a  warm  place  and  exposed  to  air  and  moisture.  In 
many  cases  this  formation  of  ammonia  from  the  inert  nitrogen  in 
the  peat  probably  depends  on  the  action  of  micro-organisms,  as 
in  the  experiments  of  Selmi  and  other  observers.  But  in  other 
instances  the  ammonia  appears  to  be  derived  from  an  actual 
splitting  or  d^doublement  of  the  inert  nitrogen  compounds,  i.  e. 
to  the  breaking  up  of  amids,  as  was  probably  the  case  in  certain 
experiments  of  my  own  where  the  conditions  as  regards  tempera- 
ture excluded  all  living  things. 

It  may  here  be  said  that  Brunnemann,  on  drying  moor-earth  at 
tolerably  high  temperatures,  found  that  a  part  of  the  inert  nitrogen 
compounds  in  it  became  soluble  in  water.  Tacke  also  found  on 
heating  moor-earth  in  water  that  as  much  as  1  %  of  it  became 
soluble  at  104°  F.,  and  that  as  much  as  6  ^  became  soluble  at 
temperatures  between  194  and  212°.  Under  a  pressure  of  one  and 
a  half  atmospheres  (»  234°)  10.2  ^  of  the  moor-earth  dissolved, 
and  under  three  atmospheres  («  273°)  16  %.  Meanwhile  small 
quantities  of  anmionia  were  set  free 

Valuation  of  the  Nitrogen  in  Peat. 

If  the  value  of  the  pound  of  nitrogen  in  peat  be  estimated  no 
higher  than  five  cents,  that  would  make  the  ton  of  air-dried  peat 
which  contains  2.5  %  of  nitrogen  worth  $2.50,  for  this  ingredient 
alone,  to  say  nothing  of  the  other  useful  qualities  of  peat  which 
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depend  upon  the  hamus  contained  in  it,  as  will  be  explained  in 
another  place.  For  the  present,  the  discussion  relates  only  to  peat 
in  its  character  of  a  nitrogenized  fertilizer,  and  it  is  to  be  remem- 
bered that  the  most  valuable  manures,  from  the  money  point  of 
view,  are  those  which  contain  the  most  nitrogen.  The  nitrogen- 
ized manures,  such  as  guano,  nitrate  of  soda,  ammonia  salts,  blood, 
and  flesh,  cost  more  money  per  ton  than  any  others,  for  the  simple 
reason  that  concentrated  nitrogen  compounds  capable  of  supplying 
this  element  to  plants,  are  neither  abundant  nor  readily  prepared. 
New  sources  of  phosphate  of  lime  have  continually  been  dis- 
covered, so  that  the  price  of  this  article  has  not  risen  from  year 
to  year,  in  spite  of  the  greatly  extended  use  of  it.  But  the  assimil- 
able nitrogen  compounds  are  more  costly  than  either  phosphates 
or  potash  salts,  and  there  is  no  immediate  probability  that  their 
price  will  be  much  reduced.  Hence  the  importance  of  recognizing 
clearly  the  value  of  the  peat  and  the  humus  which  are  found  already 
in  the  fields. 

CHAPTER  XV. 

SYMBIOSIS,  OR  BLENDED  GROWTH. 

The  observation  is  as  old  as  history  that  certain  animals  of  un- 
like species  may  live  together,  on  more  or  less  intimate  terms,  to 
the  advantage  of  both,  as  associates,  messmates,  or  helpmeets. 
Thus,  a  troop  of  jackals  may  keep  company  with  a  lion,  and  by 
their  yelping  guide  him  to  the  prey,  for  the  sake  of  participating 
in  some  small  measure  at  the  feast.  A  little  plover  lives  with  the 
Egyptian  crocodile,  and  by  his  cry  gives  warning  of  the  approach 
of  enemies,  for  the  sake  of  food  which  it  picks  off  fearlessly  from 
the  reptile's  teeth.  Naturalists  are  familiar  with  numerous  in- 
stances among  the  lower  orders  of  animals  where  individuals  of 
different  species  live  together,  and  render  each  some  service  to 
their  associates.  It  is  a  common  thing,  for  example,  to  find 
minute  crabs  and  other  crustaceans  living,  for  the  sake  of  protec- 
tion, within  the  envelopes  of  shell-fish  and  of  various  other  mollnsks. 
But  many  fragments  of  the  food  which  the  crab  has  captured  are 
put  to  profit  by  the  mollusk,  whence  it  appears  that  guest  and 
host  do  mutually  help  one  another. 

Much  in  the  same  way  that  this  commensalism  occurs  among 
the  lower  animals,  so  also  among  plants  examples  of  mutual  de- 
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pendence  are  far  from  being  rare.  It  has  long  been  known,  for 
example,  that  the  roots  of  certain  parasitic  plants  penetrate  the 
tissaes  of  the  plants  to  which  they  are  attached  so  deeply,  and 
fuse  with  them  so  completely,  that  the  parasite  has  no  difficulty  in 
obtaining  from  its  host  ample  supplies  of  water  and  of  food,  as  if 
it  were  really  part  and  parcel  of  the  plant  on  which  it  grows.  It 
is  to  be  presumed,  on  the  other  hand,  that  in  many  cases  matters 
taken  in  from  the  air  by  the  green  leaves  of  a  parasite  do  actually 
help  in  some  small  degree  to  nourish  the  tree  or  other  plant  on 
which  the  parasite  is  growing. 

Orafts  are  Parasites, 

In  the  familiar  instance  of  a  tree  or  plant  which  has  been  grafted, 
the  growth  of  the  graft  is  manifestly  analogous  to  that  of  the  para- 
site just  mentioned,  since  the  leaves  and  stems  of  the  graft  are 
nourished  by  food  taken  in  from  the  soil  through  the  roots  of  the 
stock,  while  the  roots  and  other  tissues  of  the  stock  are  supported 
in  their  turn  by  food  taken  in  from  the  air  through  the  leaves  of 
the  graft.  There  is  a  double  meaning  in  Lord  Bacon's  dictum 
that,  *'The  Cion  overruleth  the  stocke  quite;  the  stocke  is  but 
passive  onely,  and  giveth  aliment,  but  no  motion  to  the  graft." 
As  Sir  Humphry  Davy  insisted  long  ago,  '*  The  ilex,  or  evergreen 
oak,  preserves  its  leaves  through  the  winter,  even  when  grafted 
upon  the  common  oak ;  and  in  consequence  of  the  operation  of 
the  leaves,  there  is  a  constant  motion  of  the  sap  towards  the  ilex." 
This  fact,  it  will  be  noticed,  has  a  certain  analogy  to  the  old 
European  observation,  that  when  a  single  branch  of  a  grape-vine, 
or  of  a  tree,  is  introduced  in  the  winter  into  a  green-house,  while 
the  trunk  and  the  other  branches  are  left  outside,  the  buds  upon 
the  heated  branch  will  gradually  unfold  into  leaves.  (Davy . )  It  is 
manifest  that  the  grafted  plant  affords  a  capital  example  of  blended 
growth,  for  the  scion  and  the  stock  are  really  two  individual  plants 
which  grow  one  upon  the  other  and  which  support  one  another. 

During  the  last  few  years  no  little  attention  has  been  paid  to 
the  subject  of  compounded  growths,  and  results  of  very  great 
interest  and  importance  have  been  arrived  at ;  and  the  term  Sym- 
biosis ^  has  been  employed  as  a  convenient  expression  to  designate 
the  whole  class  of  phenomena  which  depend  upon  the  blended 
growth  of  unlike  plants. 

1  From  /liof ,  lift,  and  vvp,  lotfA  or  together;  i,  •.  living  with. 
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Lichens  are  Compounded  Plants, 

As  one  example  of  this  idea  may  be  cited  a  theory  propounded 
some  years  ago  by  Schwendener^  that  lichens  are  really  not  sim- 
ple, independent,  individual  plants,  but  compound  organisms,  con- 
sisting of  unicellular  algae  enveloped  and  imprisoned  by  a  parasitic 
fungus.  In  this  point  of  view,  each  lichen  is  a  colony  of  mixed 
fungi  and  algse  which  are  in  some  part  dependent  upon  one  another 
for  food.  A  colony  of  this  kind  may  consist  of  hundreds  or 
thousands  of  individuals ;  but  among  them  a  fungus  of  the  order 
Ascomycetes  acts  as  a  master,  and  is  supplied  with  food  by  the 
algffi.  This  fungus  surrounds  and  encloses  the  green  algse  with  a 
fibrous  net  of  narrow  meshes,  as  if  it  were  a  spider's  web,  but 
unlike  the  spider,  which  sucks  its  prey  and  leaves  only  the  dead 
outer  covering,  the  fungus  incites  the  alga  to  active  growth  and 
to  vigorous  increase,  while  itself  deriving  food  from  it.  Schwen- 
dener's  theory  is  of  no  small  interest  historically,  because  from  it 
probably  has  been  derived  the  modem  view  as  to  the  interdepend- 
ence of  fungi  and  vanous  kinds  of  trees  and  leguminous  plants* 
There  can  now  be  very  little  doubt  that  lichens  are  constantly 
supplied  with  nitrogen  from  the  air,  in  a  manner  to  be  explained 
directly ;  and  there  is  no  longer  any  difficulty  in  conceiving  how  it 
is  that  they  are  able  to  grow  as  they  do  on  bare  rocks,  far  re- 
moved from  vegetable  mould,  or  any  other  source  of  combined 
nitrogen.  As  will  be  seen  below,  it  has  now  been  discovered  how 
it  is  that  the  nitrogen  of  the  air  has  been  made  to  serve  for  the 
development  of  the  various  forms  of  vegetable  and  animal  life 
which  have  existed  on  the  globe. 

Fungi  Feed  on  Organic  Matter. 

It  is  a  well-established  fact  that  the  whole  class  of  fungi  —  that 
is  to  say,  mushrooms,  toadstools,  and  numberless  microcsopic  or- 
ganisms of  analogous  character  —  can  feed  directly  upon  organic 
matters,  such  as  humus,  for  example,  and  that  they  can  assimilate 
both  the  carbon  and  the  nitrogen  which  are  contained  in  organic 
matters.  Pasteur  has  shown,  for  example,  that  many  micro- 
organisms readily  assimilate  the  carbon  of  sugar  and  of  tartrates, 
as  well  as  the  nitrogen  in  albuminoids,  and  in  salts  of  ammonia, 
or  of  ethylamin.  He  found  that  the  microbes  prosper  and  pro- 
duce albuminoids,  carbohydrates,  fats  and  all  the  other  constitu- 
ents proper  to  them,  when  grown  in  a  solution  which  contains 
nothing  but  tartrate  of  ammonia  and  ash-ingredients. 
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Naegeli  also  foand  that  the  micro-organismB  can  assimilate  car- 
bon and  nitrogen  from  acetate  of  ammonia,  and  several  other  am- 
monium salts,  viz.,  the  succinate,  tartrate,  glycollate,  and  kinate. 
He  has  shown  indeed,  that  in  the  presence  of  ammonia,  the  micro- 
organisms can  assimilate  carbon  from  almost  all  compounds  of 
this  element,  which  are  soluble  in  water,  and  are  neither  too 
poisonous  nor  too  acid,  nor  too  alkaline.  Sugar,  mannite,  gly- 
cerin, and  butjlalcohol,  are  good  forms  of  carbonaceous  food  for 
microbes ;  but,  as  a  general  rule,  neither  carbonic  acid,  cyanogen, 
urea,  formic  acid,  nor  oxalic  acid  are  suitable  for  them,  though 
they  can  take  nitrogen  from  urea.  From  asparagin,  however,  and 
from  leucin,  proplyamin  and  the  like,  they  take  both  carbon  an4 
nitrogen. 

The  moulds  prosper  in  solutions  which  are  noticeably  acid,  and 
even  yeast  can  change  sugar  to  alcohol  iu  presence  of  weak  acids ; 
but  for  the  growth  of  bacteria,  a  certain  degree  of  alkalinity  is 
necessary.  Naegeli  found  that  the  moulds  can  take  nitrogen  as 
well  as  carbon,  not  only  from  albuminoids,  peptones,  leucin,  and 
the  like,  but  from  all  compounds  of  amids,  amins,  and  ammonia ; 
but  they  cannot  use  the  nitrogen  of  alkaloids,  cyanides,  and  nitro- 
substitution  compounds.  Loew,  also,  has  enumerated  the  fol- 
lowing substances  that  can  serve  as  sources  of  nitrogen  for  the 
multiplication  of  vegetable  cells :  Ammonium  salts,  nitrils,  amido- 
acids,  amins,  ureas,  guanidins,  alkaloids,  nitrates  and  nitrites.  It 
is  to  be  said,  however,  that  different  kinds  of  fungi  differ  very  de- 
cidedly in  respect  to  their  preferences  for  nitrogenous  foods ;  and 
that  while  moulds  feed  readily  upon  nitrogenous  organic  matters 
and  ammonium  compounds,  and  on  nitrates  also,  there  are  certain 
yeasts  which  grow  but  slowly  when  fed  with  ammonium  com- 
pounds, and  which  are  wholly  incapable  of  using  nitrate-nitrogen 
(A.  Mayer) ,  though  they  can  feed  upon  the  nitr(^en  of  soluble 
organic  compounds,  such  as  peptones.  Laurent  suggests  that  the 
apparent  inability  of  the  yeasts  to  use  nitrate-nitrogen  may  depend 
upon  the  facts  that  nitrites  are  reduced  by  yeasts  to  nitrites,  and 
that  in  an  acid  liquor  nitrous  acid  would  be  set  free ;  which,  as  he 
finds,  is  a  poison  for  the  yeast-plant.  It  is  to  be  noticed,  on  the 
other  hand,  that  free  nitrous  acid  is  less  liable  to  trouble  the  bac- 
teria, since  these  organisms  work  not  to  acidify,  but  to  make  alka- 
line, the  liquids  in  which  they  live. 

As  regards  inorganic  nitrogen  compounds,  Loew  believes  that 
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fangi  are  nourished  only  by  those  kinds  which  change  readily  tx) 
ammonia  in  the  cells.  He  finds  that,  while  ammonia  is  an  excel- 
lent food  for  f nngi,  the  nearly  related  hydroxylamin  acts  as  an 
intense  poison,  because  it  reacts  on  certain  aldehyde  groups  which 
are  concerned  in  the  building  up  of  albumen.  For  the  same  reason, 
both  diamid  and  phenyl-hydrazin  are  poisonous  to  yeasts.  In 
certain  cases,  where  the  food  of  fungi  is  rich  in  hydrogen,  it  may 
happen  that  nitrates  may  serve  a  better  purpose  than  ammonia 
salts.  But  in  all  cases  in  which  nitrate-nitrogen  is  put  to  use  by 
fungi,  the  nitrate  appears  to  be  first  reduced  to  the  condition  of 
ammonia ;  and  in  this  reduction  there  appear  to  be  two  steps,  viz., 
first,  the  formation  of  a  nitrite,  and  subsequently  an  ammonium 
compound. 

It  is  not  impossible  that  the  study  of  these  diversities  among 
microscopic  organisms,  especially  when  taken  in  connection  with 
the  phenomena  which  relate  to  the  blended  growth  of  roots  and 
fungi,  may  throw  some  light  upon  the  question,  previously  dis- 
cussed, why  some  kinds  of  crops  can  get  more  profit  from  ammo- 
nium salts  than  from  nitrates.  Accoi^ding  to  Schloesing,  even 
the  moulds  prefer  ammonia-nitrogen  to  nitrate-nitrogen.  Ordi- 
nary beer-yeast  can  take  nitrogen  both  from  ammonia  compounds 
and  from  organic  compounds  which  yield  ammonia  by  decompo- 
sition,—  such  as  urea,  guanin,  allantoin,  asparagin,  and  uric 
acid,  but  not  from  leucin,  creatin,  caffein,  or  other  alkaloids ;  nor 
can  beer-yeast  feed  upon  albuminoids  directly,  though  it  is  easily 
supported  by  soluble  modifications  of  the  albuminoids,  —  such  as 
peptones.  (A.  Mayer.)  It  has  been  noticed,  as  a  general  rule, 
that  those  organic  compounds  which  contain  but  little  oxygen, 
though  rich  in  carbon  and  hydrogen,  and  those  which  are  insolu- 
ble or  difficultly  soluble  in  water  are  not  good  materials  for  the 
support  of  fungi. 

Fuv^i  on  the  Roots  of  Forest-Trees. 

It  has  been  observed  that  to  the  roots  of  many  kinds  of  forest- 
trees  certain  fungi  are  often  attached  in*  such  manner  that  the 
fungus  conveys  food  to  the  tree  upon  which  it  is  itself  subsisting. 
Indeed,  fungi  have  been  found  growing  in  this  way,  not  only  upon 
the  oak,  beech,  hornbeam,  birch,  and  alder,  but  also  on  ever- 
greens,—  such  as  the  fir,  pine,  spruce,  and  larch.  Doubtless 
there  are  several  different  kinds  of  fungi  parasitic  upon  the  roots 
of  trees  or  other  plants  which  act  in  this  way  and  supply  nitro« 
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genooB  food  to  their  hosts ;  and  it  has  been  noticed  that  the  roots 
of  trees  thus  beset  with  the  fungus  are  ordinarily  destitute  of  the 
fine  hairs  which  abound  upon  the  roots  of  most  plants,  and  which 
serve  the  purpose  of  taking  in  food  and  water  from  the  soil.  In 
some  instances,  in  place  of  the  root-hairs,  a  thick  coating  of  the 
mycelium  of  a  fungus  covers- the  surface  of  the  roots.  The  fila- 
ments of  the  mycelium  not  only  penetrate  the  spaces  between  the 
cells  of  the  epidermis  of  the  root  and  surround  these  cells,  but 
they  reach  out  also  into  the  soil  in  which  the  roots  are  growing,  as 
if  for  the  purpose  of  taking  nourishment  from  the  soil.  It  would 
seem,  indeed,  as  if  the  fungus-mycelium  here  took  the  place  of  the 
i^oot-hairs  of  ordinary  plants,  and  that  it  did  the  work  of  the  root- 
hairs,  and  more.  In  other  cases,  a  nitrogen-bringing  bacterium 
lives  within  the  tree-root,  and  evidently  subsists  upon  the  Juices 
therein  contained. 

Woodland  Humus  is  devoid  of  Nitrates. 

As  bearing  upon  the  question  now  under  discussion,  it  is  note- 
worthy that  the  humus  of  woodland  is  apt  to  contain  no  more  than 
very  small  amounts  of  nitrates,  such  as  support  most  agricultural 
crops.  In  other  words,  those  kinds  of  plants  which  need  nitrates 
grow  most  freely  in  situations  where  nitrates  form  readily ;  while 
those  plants  which  can  get  food  through  the  root-fungi  need  less 
nitrate-nitrogen  than  others,  and  can  prosper  in  places  where  ni- 
trates are  scarce,  though  fungi  abound. 

This  coating  of  the  roots  of  forest-trees  by  the  fungus-mycelium 
has  been  noticed  both  on  high  land  and  on  low  land,  under  the 
most  varied  conditions  as  to  moisture,  and  it  is  thought  to  be  a 
general  fact ;  but  it  is  still  ti'ue  that  the  coating  is  seen  to  be 
specially  well-developed  in  soils  that  are  rich  in  humus,  while  it 
may  fail  altogether  in  sterile  soils,  which  contain  but  little  organic 
matter.  Moreover,  on  transplanting  young  trees  that  have  roots 
thus  coated  into  a  soil  poor  in  humus,  or  into  water  properly 
charged  with  plant-food,  the  fungus  will  speedily  disappear,  while 
the  trees  continue  to  grow  normally.  That  is  to  say,  these  trees 
may  either  take  food  directly  from  the  soil  or  they  may  get  it  indi- 
rectly through  the  intervention  of  a  fungus ;  and  both  these  modes 
of  nourishment  may  be  in  action  simultaneously,  and  in  equal  de- 
gree, or  one  of  them  may  become  more  prominent  than  the  other, 
in  case  circumstances  should  favor  it.  A  familiar  example  of  the 
improvement  of  land  through  the  action  of  a  root-fungus  is  seen 
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here  iu  New  England  in  the  case  of  the  common  alder  ( Alnns) . 
On  pulling  up  a  clump  of  old  alders  growing  in  a  wild  pasture,  it 
will  often  be  noticed  that  the  appearance  of  the  soil  about  their 
roots  is  surprisingly  good.  It  is  said  that  a  stinking  instance  of  a 
plant  which  is  supported  in  good  part  by  its  root-fungus  is  seen 
in  the  case  of  Monotropa  hypopitys  (yellow  birdsnest),  which 
grows  among  dead  leaves  and  half-decaying  vegetable  mould.  It 
has  neither  leaves  nor  chlorophyl  grains;  but  it  has  been  sug- 
gested that,  like  the  trees  now  in  question,  it  has  roots  which  are 
covered  with  fungus-mycelium,  by  means  of  which  it  obtains  car- 
bon and  nitrogen  from  the  humus  of  the  soil. 
Lumps  on  Clover-Roots, 

Yet  again,  botanists  have  often  speculated  as  to  the  function  of 
certain  lumps,  knobs,  warts,  nodules,  or  tubercles  which  are  ^ob- 
served upon  the  roots  of  clover,  lupines,  and  other  leguminous 
plants.  The  German  physiologist  Lachmann  studied  them  parti- 
cularly in  1858.  In  England,  Berkeley  wrote  of  them,  in  1863, 
as  follows:  ^' There  is  a  circumstance  about  most  leguminous 
plants  which  has  not  yet  been  sufficiently  studied.  From  the  ear- 
liest period  of  growth  little  tuberiform  bodies  are  formed  upon  the 
roots,  which  have  been  described  as  fungi.  They  sometimes  acquire 
a  considerable  size,  as  in  the  common  acacia.  .  .  These  bodies  are 
doubtless  occasionally  important  organs  in  time  of  drought,  though 
it  is  very  possible,  as  many  of  them  become  effete  at  an  early 
period,  that  they  serve  some  especial  object  beside.  Desmazidres, 
many  years  since,  pointed  out  to  me  some  curiously  shaped,  ex- 
tremely minute  bodies  to  which  they  give  rise.  .  .  Something  very 
analogous  occurs  in  many  conifers.'' 

Bacteria  in  the  Eoot-nodtdes  take  Nitrogen  from  the  Air. 

It  has  frequently  been  suggested  that  the  knobs  on  the  roots  of 
clover,  etc.,  must  be  due  to  a  diseased  condition  of  the  plant, 
though  it  has  really  long  been  known  that  the  knobs  do  crops  no 
harm,  and  that  they  are  apt  to  be  specially  abundant  upon  those 
plants  which  are  precisely  the  healthiest  and  the  most  vigorous. 
Some  persons  have  thought  that  the  knobs  should  be  regarded  as 
reservoirs  of  food,  while  others  have  urged  that  they  are  normal 
organs,  though  peculiar  to  leguminous  plants.  This  last-named 
view  may  be  accepted  as  not  far  from  correct ;  for  the  knobs  may 
well  be  regarded  as  special  organs,  begotten  it  is  true  by  a  para- 
site, but  developed  by  the  reciprocal  action  of  the  parasite  and 
the  plant. 
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It  has  been  thoroaghly  well  made  out  that  certain  kinds  of 
bacteria  enter  the  roots  of  leguminous  plants  from  the  soil  and 
form  coloDies  within  the  roots,  and  that  the  knobs  are  formed  by 
the  simultaneous  development  of  these  bacteria  and  of  the  vege- 
table cells  in  the  root,  —  that  is  to  say,  by  the  reactions  of  the 
bacteria  and  the  cells  one  upon  the  other.  It  has  been  made  plain, 
withal,  that  both  the  bacteria  and  the  plant  itself  derive  profit 
from  the  reaclioos ;  for  ^hile  the  bacteria  feed  upon  the  plant  and 
derive  most  of  their  food  from  substances  formed  within  it,  they 
do  also  take  nitrogen  from  the  air;  and  a  part  of  the  nitrogen 
thus  collected  is  consumed  ftnd  put  to  profit  by  the  plant,  which 
in  this  way  feeds  upon  or  through  its  own  parasite.  The  practical 
result  of  the  symbiotic  growth  in  this  case  is  that  the  micro- 
organism on  the  clover-roots  takes  free  nitrogen  from  the  air  and 
assimilates  it  in  such  manner  as  to  form  fit  food  for  the  clover 
plant,  which  readily  partakes  of  the  food  thus  offered,  and  derives 
great  advantage  from  it. 

It  may  here  be  remarked  that  certain  micro-organisms  are  known, 
which,  when  fed  with  sugar,  out  of  contact  with  any  plant,  can 
assimilate  free  nitrogen  from  the  air.  Hence  the  power  of  the 
nodule-bacterium  to  take  sugar  etc.  from  plant-sap  may  well  be 
regarded  as  a  particular  instance  of  this  kind  of  feeding.  Lach- 
mann  appears  to  have  been  the  first  to  suspect,  in  1858,  that  the 
nodules  might  possibly  be  connected  in  some  way  with  the  taking 
in  of  nitrogen  by  plants,  and  his  remark  was  recalled  by  Rauten- 
berg  and  Euehn,  in  1864,  on  noticing  that  bean-plants,  grown  by 
them  by  way  of  water-culture,  had  nodules  on  their  roots  only  in 
those  cases  in  which  the  plants  were  standing  in  solutions  to 
which  no  compound  of  nitrogen  had  been  added. 

The  Root-nodules  contain  muck  Nitrogen, 

Even  before  the  foregoing  fact  was  discovered,  De  Vries  had 
noticed  that  the  nodules  contain  very  considerable  quantities  of 
albumen,  so  long,  at  least,  as  the  plant  to  which  they  are  attached 
is  growing,  although  finally,  when  the  plant  begins  to  ripen  its 
seeds,  most  of  the  albumen  passes  out  from  the  nodules  into  the 
plant.  For  that  matter,  the  nitrogenous  character  of  the  nodules 
is  indicated  by  the  fact  that,  in  the  fields,  they  are  constantly 
eaten  into  by  insects  and  worms.  (Prazmowski.)  De  Vries  ob- 
served, furthermore,  as  others  had  done,  that  comparatively  few 
nodules  seemed  to  be  developed  on  plants  so  situated  that  they 
can  get  an  abundance  of  nitrate-nitrogen  directly  from  the  soil. 
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Analyses  made  by  Troschke  of  the  knobs  on  lapine  roots,  and 
of  the  roots  themselves  on  which  the  knobs  had  formed,  show  that 
the  knobs  contain  much  more  nitrogen,  phosphoric  acid,  etc.,  than 
the  plain  roots,  and  that  they  are  really  highly  stored  with  plant- 
food.  Some  of  Troschke' s  results  are  given  in  the  following 
table :  — 

Boots.     Knobs  on  Boots. 
%  % 

Ashes 4.07  7.51 

Fat 1.31  5.33 

Nitrogen 1.13  7.25 

Carbohydrates 34.61  32.42 

Cellulose 52.95  9.43 

Phosphoric  acid  in  the  ash •    8.84  16.19 

Potash  in  the  ash 12.80  16.90 

HeUriegeVa  Discovery. 
The  investigation  of  these  nodules  has  become  a  matter  of  the 
utmost  impoi-tance  now  that  numerous  and  irreproachable  experi- 
ments have  shown  beyond  all  question  that,  by  means  of  micro- 
organisms which  live  in  the  nodules,  various  kinds  of  leguminous 
crops  can  readily  obtain  from  the  free  nitrogen  of  tiie  air  all  the 
nitrogen  which  is  needed  for  their  perfect  development.  On  mak- 
ing proper  allowances  for  the  conditions  which  are  requisite  for 
the  comfort  and  prosperity  of  the  micro-organism,  it  is  now  an 
easy  matter  to  grow  leguminous  plants  in  mere  sand,  which  is  of 
itself  wholly  free  from  nitrogenous  matters,  provided  only  that 
suitable  ash-ingredients  have  been  mixed  with  the  sand,  and  that 
it  has  been  ^'  seeded,"  as  the  term  is,  with  the  germs  of  the  micro- 
organism. 

It  is  to  the  German  chemist  Hellriegel  that  we  owe  the  discov- 
ery of  this  most  important  fact.  He  has  proved,  by  means  of 
extremely  careful  and  painstaking  experiments,  that  various  kinds 
of  leguminous  plants  do  constantly  obtain  nitrogen  from  the  air 
by  means  of  living  organisms  which  subsist  upon  their  roots  ;  and 
has  shown  that  large  quantities  of  nitrogen  are  actually  accumu- 
lated from  the  air  in  this  way  by  leguminous  crops,  even  when 
these  crops  are  grown  in  sand  which  is  wholly  free  from  organic 
matter  and  from  compounds  of  nitrogen.  He  observed,  further- 
more, that  nodules  form  upon  the  roots  of  the  plants  at  the  times 
when  nitrogen  is  being  taken  from  the  air,  and  that  these  nodules 
are  filled  with  bacteria. 
HellriegeFs  method  of  experimenting  was  to  sow  seeds  of  vari- 
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OU8  kinds  in  pure  sand  which  contained  no  nitrogen  whatsoever, 
but  which  had  been  charged  with  ash-ingredients  proper  for  the 
support  of  crops.  All  the  seeds  thus  planted  germinated  readily 
in  the  moistened  sand,  and  the  young  plants  grew  well  enough 
nntil  the  store  of  nitrogen  proper  to  the  seed  had  been  exhausted, — 
that  is  to  say,  the  young  plants  grew  until  several  leaves  had 
formed.  But  from  this  time  forth  most  of  the  plants  simply 
starved.  They  no  longer  grew  freely ;  and  it  was  evident  that 
the  sparse  formation  of  new  portions  of  stem  or  of  leaf  was  de- 
pendent on  the  taking  of  matter  from  the  older  leaves.  Yet,  on 
adding  to  young  pea-plants,  thus  standing  in  a  starving  condition, 
a  minute  quantity  of  water  which  had  recently  been  in  contact  with 
garden  loam,  taken  from  a  field  where  peas  and  clover  had  often 
been  grown  in  previous  years,  the  experimental  plants  were  soon 
seen  to  take  on  a  dark-green  color,  and  to  grow  luxuriantly  from 
that  time  forth  until  the  period  of  ripening.  Meanwhile,  nodules 
grew  freely  upon  the  roots  of  the  thriving  pea-plants,  although 
none  had  grown  so  long  as  the  plants  remained  in  the  condition  of 
starvation. 

Loam  contains  the  Nitrogen-bringing  Bacteria. 

To  state  the  matter  more  precisely,  the  loam-water  contains  cer- 
tain microscopic  organisms  which  enter  the  pea-roots  and  develop 
colonies  there,  and  these  colonies  of  bacteria  are  speedily  enclosed 
in  nodules  which  form  about  them.  But  the  bacteria  in  the  nodules 
thrive  upon  the  substance  of  the  pea-plant  and  upon  free  nitrogen 
which  they  take  from  the  air;  and  the  pea-plant,  in  its  turn,  feeds 
ii[)on  the  substance  of  the  bacteria,  and  gets  nitrogen  enough 
therefrom  for  all  its  needs. 

In  the  case  of  starving  peas,  to  which  no  loam-water  was  added, 
it  occasionally  happened  that  germs  which  had  been  floating  in 
the  air  fell  upon  the  soil  in  which  the  plants  were  standing,  and 
caused  them  to  revive ;  but  this  accident  was  readily  avoided  by 
sterilizing  the  soil  in  the  first  place,  and  keeping  it  covered  with  a 
sheet  of  sterilized  batting.  So,  too,  on  boiling  the  loam-water, 
in  order  to  kill  all  living  things  which  were  contained  in  it,  its 
power  to  make  pea-plants  grow  was  destroyed,  —  that  is  to  say, 
by  taking  care  to  exclude  from  the  inert  soil  all  kinds  of  germs, 
it  is  easy  to  avoid  the  formation  of  root-nodules,  and  to  prevent 
pea-plants  from  obtaining  nitrogen  from  the  air ;  while  on  "  seed- 
ing "  the  soil  with  bacteria,  by  means  of  fresh  loam- water,  or  by 
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matter  actually  taken  from  a  nodule,  peas  (and  other  leguminous 
plants)  may  be  made  to  grow  freely,  and  to  accumulate  much  ni- 
trogen from  the  air.  Indeed,  the  growth  of  the  peas  —  or  other 
plants  —  is  so  vigorous  that  it  is  evident,  even  to  the  most  super- 
ficial observation,  that  they  can  obtain  from  the  air,  in  this  way, 
all  the  nitrogen  they  need. 

It  should  be  clearly  understood  that  these  experiments  do  not 
teach  that  peas  or  clover,  or  any  other  agricultural  plants,  can  as- 
similate free  nitrogen  from  the  air  by  their  own  unaided  efforts.  It 
is  only  through  the  intervention  of  microscopic  organisms  which 
live  upon  the  roots  of  the  pea-plant,  or  the  like,  that  the  free  nitro- 
gen can  be  put  to  use. 

Beside  peas,  it  was  found  by  Hellriegel  that  vetches  and  horse- 
beans  could  -readily  be  supplied  with  nitrogen  from  the  air  by  seed- 
ing the  sand  of  the  experimental  pots  with  the  bacteria  which  live 
in  ordinary  loams ;  while  he  proved  that  young  plants  of  barley, 
oats,  turnips,  mustard,  sugar-beets,  and  buckwheat,  growing  in 
non-nitrogeneous  sand,  derive  no  benefit  whatsoever  from  addi- 
tions of  the  loam-water,  but  remain  in  a  starved  condition. 

It  is  to  be  remarked  that,  for  ^'  seeding"  the  pea-roots,  Hell- 
riegel leached  a  quantity  of  rich  loam  with  water,  and,  after 
allowing  the  turbid  liquid  to  settle  somewhat,  added  a  very  small 
quantity  of  the  cloudy  water  to  the  sand  in  the  pots.  In  each 
instance,  the  quantity  of  liquid  used  was  extremely  small,  and  no 
more  than  a  faint  trace  of  nitrogen  was  contained  in  it,  so  that 
the  pea-plants  could  not  possibly  have  got  any  direct  good  from 
this  nitrogen. 

Direct  Inoculation  with  the  Bacterium. 

More  recent  investigators  have  discarded  the  loam-water  alto- 
gether, and  have  inoculated  the  pea-roots,  either  with  matter  taken 
directly  from  root-nodules  upon  the  point  of  a  needle,  or  with  the 
pure  root-bacterium  itself,  uncontaminated  with  other  organisms, 
as  obtained  by  "cultivating,"  in  appropriate  media,  some  of  the 
matter  taken  from  root-nodules.  By  operating  in  this  way, 
Prazmowski  has  seen  that  young  pea-plants  suffer  at  the  moment 
of  inoculation,  because,  in  the  beginning,  the  development  of  the 
colonies  of  bacteria,  and  of  the  nodules  which  enclose  them,  is  at 
the  expense  of  the  store  of  nutriment  in  the  seed,  which  would 
otherwise  be  wholly  devoted  to  the  nourishment  of  the  young 
plant.     But  this  temporary  distress  is  speedily  overcome  as  soon 
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as  the  plant  begins  to  feed  upon  the  substance  of  the  bacteria,  and 
thenceforth  the  inoculated  plants  grow  much  better  than  those  not 
inoculated. 

It  is  evident  that  the  root-bacteria  take  free  nitrogen  from  the 
air  and  transform  it  into  organic  compounds,  and  that  the  pea- 
plant  puts  these  nitrogenous  matters  to  use  either  immediately  or 
after  the  bacteria  have  died,  or  after  they  have  undei^one  certain 
changes  which  are  not  yet  clearly  understood.  Whatever  the  de- 
tails of  the  process  of  translocation  may  be,  it  has  been  conclu- 
sively proved  that  nitrogenous  matters  do  actually  pass  in  some 
way  from  the  nodules  into  the  plant.  Loew  has  suggested  that, 
by  cell-action  in  the  bacterium,  free  nitrogen  may  perhaps  be  con- 
verted into  ammonium  nitrite :  — 

N,  +  2H,0-=NH^N0,. 
Root-bacteria  help  aU  Leguminous  Plants. 

Beside  peas,  beans,  and  vetches,  several  other  kinds  of  legumi- 
nous plants  —  notably  lupines  and  serradella  (Omithopus  sati- 
vus) ,  —  can  be  supplied  with  nitrogen  from  the  air  by  the  action 
of  bacteria  in  the  soil.  But  it  seemed  to  Hellriegel  that  each  kind 
of  plant  needed  to  be  acted  upon  by  its  own  special  bacterium, 
and  to  be  dependent  on  the  growth  of  its  own  peculiar  root-nodule. 
He  argued  that  some  varieties  of  these  useful  bacteria  are  much 
more  rare  than  others.  It  has  long  been  known,  for  that  matter, 
that  the  nodules  on  the  roots  of  lupines  differ  materially  from 
those  of  peas,  both  in  appearance  and  as  to  their  position  upon 
the  roots.  In  order  that  his  experiments  with  lupines  and  serra- 
della should  succeed,  Hellriegel  found  it  necessary  to  prepare  the 
loam-water  from  sandy  soils  that  had  been  taken  from  fields  and 
regions  where  these  crops  are  habitually  grown.  Neither  of  these 
plants  got  any  good  from  loam-water  obtained  from  rich  loams 
such  as  had  been  found  to  be  excellent  for  peas,  beans,  and  vetches ; 
but  on  seeding  the  sand  with  loam-water  of  the  right  sort,  Hell- 
riegel repeatedly  grew  lupine-plants  which  weighed  45  times  as 
much  as  those  which  got  no  loam-water.  He  found,  moreover, 
that  these  vigorous  plants  contained  80  times  as  much  nitrogen  as 
the  starvelings,  —  all  of  it  taken  from  the  air.  Prazmowski  also 
got  no  good  on  inoculating  lupine-roots  with  pure  bacteria  of  the 
kind  which  form  nodules  on  peas,  and  Nobbe,  in  his  turn,  found 
that  each  kind  of  legume  seemed  to  require  its  own  special  bacte- 
rium.    He  urges  that  the  lupine  bacterium  is  rare  in  regions  where 
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lupines  are  not  grown  as  a  field  crop,  while  it  abounds  in  locali- 
ties where  lupines  are  habitually  cultivated. 

As  regards  red  clover,  it  is  still  uncertain  what  kinds  of  loams 
are  best  suited  to  supply  bacteria  for  its  support.  That  some 
kinds  of  loam  will  probably  be  found  better  than  others  for  this 
purpose  is  indicated  by  the  practical  experience  of  farmers  who  see 
daily  tiiat  red  clover  grows  readily  on  some  soils,  and  fails  to  grow 
upon  others  which,  to  all  appearance,  are  not  lacking  as  to  fertil- 
ity. I  have  myself  seen  red  clover  grow  with  remarkable  luxuri- 
ance, during  several  successive  years,  in  mere  gravel  at  the  middle 
of  an  old  unused  roadway,  at  a  point  where  the  wash  from  the 
higher  parts  of  the  road  had  some  smaU  opportunity  to  settle.  So, 
too,  Schindler  has  grown  leguminous  plants  in  soils  poor  in  nitro- 
gen, and  found  larger  and  more  numerous  nodules  upon  the  roots 
than  were  found  on  the  roots  of  plants  grown  in  earth  taken  from 
a  compost  heap. 

The  following  table  shows  what  large  quantities  of  nitrogen  may 
be  taken  from  the  air  by  means  of  the  bacteria  proper  to  lupines, 
when  the  latter  are  grown  in  sand  that  contains  no  nitrogen :  — 

With  addition  of  Loam-water. 
Hellriegel'i     Weifrht  of        Nitrogen 
No.  of  the      Dry  Crop.         in  Crop. 
Sxperiment.        Onn.  Grm. 

287  44.718  l.Ul 

288  45.611     1.153 

291  44.481     1.185 

292  42.451     1.307 

Even  in  the  case  of  plants  that  had  been  fertilized  with  nitrate  of 
lime,  it  appeared  that  much  more  nitrogen  was  harvested  in  the 
crops  than  had  been  added  to  the  soil  in  the  fertilizer. 
Suggestions  vouchsafed  to  Early  Investigators. 
It  is  to  be  remarked  that  from  the  earliest  times  farmers  have 
recognized  the  fact  that  leguminous  crops,  far  from  exhausting 
the  land,  as  grain  crops  do,  actually  teud  to  increase  the  fertility 
of  the  soU.  It  is  withal  a  fact  of  no  little  historical  interest  that 
during  a  long  term  of  years  the  observation  had  been  made  re- 
peatedly by  scientific  men  that  leguminous  plants  may  sometimes 
be  grown  with  success  in  pots  of  mere  sand,  wholly  devoid  of 
organic  matter  and  nitrogen  compounds,  though  charged  with  ash- 
ingredients.  Even  Berzelius  is  said  to  have  remarked  upon  this 
anomaly.  Mulder  illustrated  it,  and  Boussingault,  in  his  turn, 
was  puzzled  by  it  more  than  half  a  century  ago.     He  proved, 


Without  addition  of  Loam-water. 
Hellriegel'i   Weight  of      Nitrogen 
No.  of  the     Dry  Crop.       in  Crop. 
Sxperiment.       Qrm.             Grm. 
285           0.919          0.015 

286            0.800 

0.014 

289           0.921 

0.013 

290            1.021 

0.013 
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among  other  things,  that  in  the  ordinary  farm  practice  of  his 
country  (Alsatia),  there  was  carried  off  in  the  totality  of  the 
crops  grown  in  a  judicious  course  of  rotation  of  grain  and  legumes, 
a  larger  quantity  of  nitrogen  than  had  been  put  upon  the  land  in 
the  form  of  manure.  As  long  ago  as  1868,  Hellriegel  wrote  as 
follows  concerning  the  results  of  some  experiments  made  at  that 
time  by  himself :  '•  Clover-plants  may  develop  normally  and  com- 
pletely in  mere  sand  to  which  the  necessary  mineral  constituents 
of  plant-food  have  been  added,  in  assimilable  forms,  even  when 
this  soil  contains  no  trace  of  any  compound  of  nitrogen  or  of 
oiganic  matter."  (Hoffmann's  "  Jahresbericht,"  1863-64,  vi.  pp. 
97,  98.) 

In  this  country  the  phenomenon  now  in  question  has  been  con- 
spicuously illustrated  by  Professor  Atwater.  But  the  results  of 
all  these  observers  were  irregular,  and,  so  to  say,  capricious  to  the 
last  degree ;  and  no  one  of  the  investigators  was  able  to  control . 
his  experiments.  It  is  now  known,  of  course,  that  these  varying 
results  must  have  depended  on  the  presence  or  the  absence  of  the 
micro-organisms,  which  may  sometimes  have  been  attached  to  one 
or  another  of  the  seeds  that  were  sown,  or  may  have  fallen  upon 
the  soil  from  the  air.  Hellriegel  has  said,  for  example,  of  his  own 
experiments  made  with  peas  and  clover  in  1862  and  the  following 
years,  that  the  results  were  to  all  appearance  so  conflicting  that 
he  purposely  abstained  from  publishing  any  detailed  account  of 
them  in  the  hope  that  further  study  might  give  him  some  clew  to 
the  riddle.  It  was  not  until  the  idea  had  been  broached  that  the 
power  of  leguminous  plants  to  absorb  nitrogen  from  the  air  may 
depend  upon  the  presence  of  microscopic  organisms  attached  to 
their  roots,  that  any  one  had  in  the  least  degree  comprehended 
why  the  results  of  the  earlier  experiments  were  so  uncertain  and 
occasional. 

Eseperiments  of  Wolff  and  KreuzJiage. 

Wolff  and  Kreuzhage,  in  pai*ticular,  had  carried  out  an  extended 
series  of  experiments  of  this  kind  during  several  years,  and  their 
results  now  afford  striking  confirmation  of  the  justice  of  Hellriegel's 
view.  In  the  coarse  calcareous  river-sand  employed  by  these 
investigators,  excellent  ci-ops  of  lupines,  horse-beans,  clover,  peas, 
vetches,  serradella,  etc.,  were  grown  when  no  nitrogenous  fertilizer 
whatsoever  had  been  added  to  the  sand.  On  mixing  ash- ingre- 
dients with  the  sand,  much  larger  crops  were  obtained  than  could 


96  AGRICULTUBB. 

be  got  from  the  sand  alone ;  but  no  advantage  as  to  increase  of 
crop,  or  oulj  a  very  slight  advantage,  was  gained  by  adding 
nitrate  of  potash  to  the  sand  to  reinforce  the  ash-ingredients. 
Moreover,  on  analyzing  the  crops,  and  comparing  the  nitrogen  in 
them  with  that  contained  in  the  seeds  sown  and  the  fertilizers  em- 
ployed, it  appeared  that  the  leguminous  plants  had  really  collected 
large  quantities  of  nitrogen  from  the  air.  The  significance  of 
these  results,  and  the  difference  between  the  behavior  of  legumi- 
nous plants  and  of  cereals  towards  nitrates,  will  appear  from  the 
following  table,  which  gives  the  mean  amounts  of  dry  total  crop 
obtained  in  9  series  of  experiments  with  oats,  and  28  series  of  ex- 
periments with  clovers  and  pulse :  — 

Oftt  Crop-  PdIm  and  CloT«r  Crops. 
Orm.          rerOent.  Orm.  Per  Cent. 

Mere  sand 26.62  100  60.52  100 

Ash-ingredients .    .    .      28.60  107  119.63  287 

Little  nitrate  ....      71.62  269  112.62  223 

Much  nitrate  ....    116.60  684  122.29  242 

The  following  table  gives  the  weights  in  kilo,  of  nitn^en  ac- 
cumulated in  the  leaves,  stems,  and  seeds,  but  not  in  the  roots  and 
stubble,  of  the  several  ci*ops  enumerated,  calculated  as  if  grown  on 
a  hectare  of  land :  — 

Hone-bea: 

No  manure 67.7 

Ask-ingredients  .  .  .  146.2 
Little  nitrate  ....  64.6 
Mucli  nitrate    ....      89.6 

Some  of  the  experiments  of  Lawes  and  Gilbert  clearly  illustrate 
the  fact  of  the  increase  of  nitrogen  in  the  soil  in  which  red  clover 
is  grown.  Thus  a  field  on  which  6  successive  crops  of  wheat,  oats 
and  barley  had  been  grown  with  artificial  manures  was  divided,  and 
one-half  of  the  land  was  sown  with  red  clover  and  the  other  half 
with  barley,  both  unmanured.  After  good  crops  of  clover-hay  and 
of  barley  had  been  harvested,  the  soil  was  analyzed,  with  the  result 
that  0.1566  ^  of  nitrogen  was  found  in  the  first  9  inches  of  the 
clover-soil,  and  0.1416  %  in  the  barley-soil.  The  increase  of  fer- 
tility was  likewise  very  remarkable,  for  in  the  following  year  the 
unmanured  barley  on  the  clover-land  yielded  68  bushels,  while 
that  on  the  other  half  of  the  field  which  followed  barley  yielded 
less  than  33  bushels  to  the  acre. 

Vieivs  of  Practical  Farmers. 

Another  point  of  historical  interest  is  that  several  of  the  most 


Lapinei. 

Bed  Clover. 

Peas. 

88.3 

136.8 

84.7 

369.3 

334.1 

464.9 

168.8 

318.8 

643.6 

196.8 

242.9 

668.1 
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accurate  obsei-vere  among  practical  agriculturists  have  always  held 
that  leguminous  crops  do,  in  some  way,  bring  nitrogen  to  the  land 
from  tiie  air.  Men  like  Thaer  and  Walz  were  aware  of  the  fact, 
and  nothing  could  be  more  explicit  than  Gasparin's  descriptions  of 
it.  In  his  classical  "  Cours  d' Agriculture,"  he  constantly  calls 
attention  to  the  nitrogen-bringing  power  of  leguminous  plants, 
and  in  one  of  the  volumes  of  that  work  70  consecutive  pages  are 
devoted  to  descriptions  of  the  plants  which  compose  the  ''  Groupe 
Am^liorante." 

The  experiments  of  Lawes  and  Gilbert  on  the  fertilization  of 
grass-laud  also  showed  very  clearly  that  applications  of  potash 
salts  together  with  other  mineral  fertilizers  (without  any  nitrogen) 
greatly  increased  the  growth  of  leguminous  plants  and  very  much 
increased  the  quantity  of  nitrogen  that  was  carried  off  from  the 
land  in  the  crops.  The  amount  of  nitrogen  taken  up  by  the  hay- 
crop  thus  manured  amounted  to  1.67  times  as  much  as  was  taken 
up  by  the  hay  grown  on  unmanured  land,  and  to  nearly  8  times 
as  much  as  was  got  by  applying  the  same  kind  of  manure  to  wheat 
and  barley  on  arable  land. 

Confirmation  of  Bouasingaulfa  Dictum. 

One  noteworthy  experiment  of  Hellriegel  was  his  repetition  of 
the  famous  old  experiment  of  Boussinganlt,  who  put  calcined  soils 
into  large  glass  carboys,  and  sowed  in  this  non-nitrogenous  earth 
various  kinds  of  seeds.  Finally,  he  determined,  by  analysis  of 
the  dwarf  plants  Vhich  sprung  from  the  seeds,  that  no  nitrogen 
had  been  taken  from  the  air.  Now,  Hellriegel  repeated  this  class- 
ical experiment  with  the  simple  variation  that  he  added  to  the 
calcined  earth  in  the  carboy  a  drop  or  two  of  loam-water,  such  as 
has  been  described.  Thanks  to  this  addition,  he  had  no  trouble 
in  growing  vigorous  pea-plants  which  contained  an  abundance  of 
nitrogen  taken  from  the  air.  Oats  and  buckwheat,  on  the  con- 
trary, starved  through  lack  of  nitrogen,  in  spite  of  the  addition  of 
loam-water. 

Can  the  Legume-ba^eria  use  Humusf 

Beside  the  fungi  which  live  in  or  upon  roots,  there  are  other 
microscopic  organisms  living  in  the  soil  itself  which  are  capable 
of  fixing  free  nitrogen  from  the  air,  as  will  be  explained  directly. 
It  has  been  proved  that  these  non-parasitic  organisms  obtain  a 
part  of  their  nourishment  from  the  humus  of  the  soil,  either  di- 
rectly or  perhaps  from  carbonic  acid  which  has   been   formed 
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through  oxidation  of  the  humus.  But,  as  regards  the  symbiotic 
fuugi,  it  is  not  yet  kuown  what  influence  may  be  exerted  by  the 
huraus  in  ordinary  soils,  either  for  supplying  nitrogen  directly  to 
the  legume-bacterium,  or  for  providing  this  organism  with  carbon- 
aceous food  so  that  it  may  perhaps  be  better  able  to  take  nitrogen 
from  the  air.  It  will  be  noticed  that  in  the  foregoing  experiments 
with  leguminous  plants,  the  question  whether  or  not  the  root- 
bacterium  can  take  any  nitrogenous  food  from  the  humus  of  the 
soil  has  been  wholly  excluded.  For  the  sake  of  scientific  preci- 
sion, the  experiments  were  made  in  pure  sand,  wholly  free  from 
organic  matter. 

As  will  be  explained  in  the  next  chapter,  there  is  some  evidence 
that  several  broad-leaved  plants  —  clover  among  others  —  may 
perhaps  be  helped  by  manures  that  are  rich  in  organic  matters, 
and  it  is  not  improbable  that  some  kinds  of  root-fungi  may  be  the 
means  of  utilizing  the  organic  matter.  On  the  other  hand,  it  is 
not  wholly  inconceivable,  as  regards  some  kinds  of  leguminous 
plants,  —  such  as  the  lupine,  for  example,  — that  the  presence  of 
humus  in  the  soil  might  do  harm  by  fostering  the  growth  of  micro- 
organisms which  are  hiimical  to  those  which  cause  nodules  to  form 
upon  roots ;  while,  on  the  other  hand,  the  question  obtrudes  itself 
whether  the  well-known  general  utility  of  vegetable  mould  and  the 
superiority  of  farmyard  manure  over  mixed  artificial  fertilizers 
may  not  depend  upon  the  power  of  certain  root-fungi  to  take  ni- 
trogen f;:om  humus  in  the  soil  and  transfer  it  to  some  kinds  of 
crops. 

It  would  seem,  in  any  event,  that  the  old  problem.  What  value, 
for  the  use  of  farm-crops,  has  organic  nitrogen  in  its  various 
forms?  will  need  to  be  studied  anew  in  connection  with  another 
question,  —  viz..  Which  of  the  several  nitrogenous  organic  mat- 
ters used  as  manures  are  best  fitted  for  feeding  parasitic-fungi 
that  live  upon  the  roots  of  plants  ?  It  is  known  in  a  general  way 
that  most  fungi  can  und  do  feed  directly  upon  some  kinds  of 
oi^anic  nitrogen;  but  many  experiments  and  observations  will 
have  to  be  made  in  order  to  determine  precisely  what  kinds  of 
organic  matter  are  best  suited  for  this  purpose.  There  is  an  old 
experiment  by  Gazzeri  which  may  have  some  bearing  upon  this 
point.  He  mixed  a  quantity  of  hoof-meal  with  loam,  charged  two 
vessels  with  the  mixture,  and  grew  beans  in  one  of  them,  while  in 
the  other  nothing  was  planted.     Both  the  samples  of  earth  were 
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treated  alike  until  the  beans  had  been  harvested,  when  none  of  the 
meal  could  be  found  in  the  earth  where  beans  had  grown,  though 
a  considerable  quantity  was  still  left  undecomposed  in  the  fallow 
earth. 

As  regards  the  fungi  on  the  roots  of  forest-trees,  the  first  thought 
was  that  they  must  take  nitrogen  from  the  humus  which  surrounds 
them ;  but  in  the  light  of  the  more  accurate  observations  which 
have  been  made  on  the  leguminous  plants,  it  may  well  be  asked 
whether  the  woodland  fungus  does  not  take  nitrogen  from  the  air 
rather  than  from  vegetable  mould.  The  well-known  fact  that  the 
humus  left  when  a  forest  is  cleared  is  useful  as  a  feililizer,  is 
readily  explained  on  the  assumption  that  the  fungi  on  tree-roots 
take  nitrogen  from  the  air,  as  the  fungi  on  clover  roots  do.  Many 
years  ago,  Chevandier  called  attention  to  the  large  amount  of  ni- 
trogen which  is  accumulated  every  year  by  the  trees  in  a  forest, 
and  it  is  now  familiarly  known  that  the  twigs  and  young  leaves  of 
trees  are  highly  nitrogenous ;  but  before  the  discovery  of  the  phe- 
nomena of  symbiosis  it  was  not  easy  to  conceive  how,  or  from  what 
sources,  all  this  nitrogen  in  the  trees  had  been  obtained. 

Moreover,  if  any  of  the  root-fungi  do  really  take  nitrogen  from 
humus,  it  will  follow  that  a  mere  chemical  analysis  of  a  soil  may 
convey  little  or  no  information  as  to  the  capacity  of  that  soil  to 
bear  crops,  so  long  as  we  are  ignorant  as  to  what  kinds  of  humus 
are  best  suited  for  the  support  of  the  fungus. 
Rotations  Elucidated, 

Whatever  may  hereafter  be  discovered  in  respect  to  tiiese  ques- 
tions, it  is  none  the  less  true  to-day  that  a  flood  of  light  has  already 
been  thrown  upon  the  subject  of  the  rotation  of  crops ;  for  the  ac- 
tion of  the  root-bacteria  serves  to  explain  how  it  is  that  certain 
plants,  such  as  clover,  lucern,  sainfoin,  and  lupines,  which  are 
themselves  supplied  with  nitrogen  by  means  of  the  bacteria,  can 
charge  the  soil  with  useful  nitrogen  for  the  benefit  of  a  succeeding 
crop.  It  is  now  evident  enough  that  the  roots  left  in  the  ground 
when  a  leguminous  crop  is  harvested,  must  be  equivalent  to  a  con- 
siderable dressing  of  manure,  because  of  the  nitrogenous  nodules 
upon  these  roots. 

It  has  long  been  known  empirically  that  large  quantities  of  ni- 
trogen do  accumulate  in  the  abundant  roots  and  stubble  of  clover 
and  lupines,  and  that  this  nitrogen  is  left  in  the  soil  in  a  condition 
fit  for  the  use  of  succeeding  crops.  It  was  recognized  almost  from 
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the  first,  that  the  power  to  maintain  rotations  of  mixed  crops  dur- 
ing terms  of  4  or  5  years  on  the  basis  of  one  single  dressing  of 
manure,  applied  at  the  beginning  of  the  course,  must  depend  on 
nitrogen  accumulated  in  some  way  by  the  leguminous  crop.  It  is 
the  explanation  of  the  fact  which  is  new  to  us.  Until  this  knowl- 
edge had  been  gained,  neither  the  universality  of  the  fact  nor  its 
supreme  importance  could  be  comprehended  fully. 

As  Deh^rain  has  shown,  the  amount  of  nitrogen  in  the  soil  of 
fields  where  sainfoin  or  lucem  is  grown  continuously  during  several 
years  may  increase  to  such  an  extent  that  the  gain  admits  of  being 
exhibited  by  analysis ;  and  Schultz  has  insisted  strongly  and  re- 
peatedly that  on  the  poor  sandy  soil  of  his  farm  in  North  Germany, 
certain  crops  —  notably  lupines,  clover,  peas,  serradella,  and 
vetches  —  act  as  ^'  collectors  of  nitrogen,"  and  leave  more  nitrogen 
in  the  soil,  for  the  use  of  succeeding  crops,  when  allowed  to  ripen, 
than  they  do  when  mown  green.  So,  too,  European  farmers  are 
accustomed  to  see  wheat  succeed  better  after  clover  and  after 
horse-beans,  than  after  a  bare  fallow,  in  spite  of  the  familiar  fact 
that  a  great  deal  of  nitrogen  and  of  ash-ingredients  are  carried  off 
from  the  land  in  these  preparatory  crops,  and  especially  by  the 
clover.  There  can  indeed  be  little  doubt  that  the  growing  of 
legumes  as  a  preparation  for  the  growing  of  grain  dates  from  a 
very  early  period.  Thus,  on  the  island  of  St.  Michael,  one  of 
'^the  Azores,  where  primitive  customs  are  maintained  to  an  ex- 
traordinary degree,"  the  English  naturalist  Moseley  noticed,  in 
1873,  ''  a  kind  of  lupine  planted  in  geometrical  patterns  amongst 
the  wheat,  to  be  ploughed  in  after  the  crop  was  reaped,  as  ma- 
nure." 

As  a  matter  of  course,  the  amount  of  nitrogen  in  a  soil  will  be 
largely  increased  when  the  whole  of  a  leguminous  crop  is  ploughed 
into  it,  as  in  this  case ;  and  it  is  equally  evident  that  the  stock  of 
nitrogen  in  the  soil  could  not  be  increased  to  the  same  extent  if 
the  leguminous  crop  were  to  be  harvested  and  only  the  roots  and 
stubble  were  ploughed  under. 

Soil-nitrogen  may  Decrease  token  Legume-crops  are  taJcen  from 

the  Land. 

There  are  in  fact  irreproachable  experiments  which  show  that 
in  some  cases  the  store  of  nitrogen  in  the  soil  may  diminish  when 
crops  of  clover,  or  the  like,  are  continually  taken  away  from  the 
land  while  no  nitrogenous  manure  is  added  to  it.     Thus  Lawes 
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and  Gilbert  found  that  there  was  a  very  large  diminution  in  the 
percentage  of  nitrogen  in  the  soil  of  an  old  garden  from  which 
luxuriant  crops  of  red  clover  had  been  taken  year  after  year.  On 
comparing  samples  of  earth  taken  in  the  4th  and  the  26th  year  of 
the  experiment,  it  appeared  that  the  diminution  of  nitrogen  in  the 
uppermost  9  inches  of  soil  represented  three-fourths  of  the  amount 
which  had  been  contained  in  the  clover  crops  of  the  intervening 
period,  and  the  indications  were  that  there  had  been  a  consider- 
able reduction  in  the  lower  layers  of  soil  also ;  though  it  is  to  be 
presumed  of  course  that  nitrogen  may  have  been  lost  from  the 
land  in  other  ways  than  by  the  crop  alone. 

So,  too,  the  soil  on  which  beans  had  been  grown  continuously 
exhibited  no  gain  in  nitrogen ;  and  in  their  experiments  on  the 
mixed  herbage  of  grass-land,  the  soil  of  a  field,  which,  under  the 
influence  of  potassic  and  other  mineral  fertilizers,  yielded  large 
quantities  of  leguminous  herbage  rich  in  nitrogen,  was  found,  after 
20  years,  to  contain  a  considerably  lower  percentage  of  nitrogen 
than  any  other  piece  of  land  in  the  whole  series  of  experiments. 
In  like  manner,  Prove  found,  in  experiments  made  with  lupines, 
beans  and  mixtures  of  clover  and  grass,  that  the  quantity  of  nitro- 
gen in  the  soil  was  reduced — although  much  more  slowly  than  was 
the  case  with  maize,  rye  and  buckwheat  —  when  the  crops  were 
taken  away  from  the  land.  He  urges,  that  in  ordinary  farm  prac- 
tice, when  they  are  not  ploughed  under  as  green  manure,  the 
leguminous  crops  should  be  regarded  as  hindering  the  waste  of  ni- 
ti'ogen  from  the  soil  rather  than  as  a  means  of  increasing  the  stock 
of  the  soil-nitrogen. 

But  it  is  to  be  remarked  that  even  if  the  amount  of  total  nitro- 
gen in  the  soil  is  less  after  the  removal  of  a  leguminous  crop  than 
it  was  before  that  crop  was  grown,  it  will  still  be  true,  generally 
speaking,  that  a  part  at  least  of  the  nitrogen  left  by  the  roots  in 
the  soil  will  be  of  such  superior  quality  that  the  succeeding  crops 
may  get  much  more  benefit  from  it  than  could  have  been  derived 
from  the  normal,  inert  soil-nitrogen. 

Legumes  can  use  Nitrates. 

The  facts  that  much  nitrogen  should  accumulate  in  the  soils  where 
leguminous  crops  are  grown ;  that  these  crops  should  often  be  ben- 
efited by  applications  of  merely  mineral  fertilizers,  such  as  potash- 
salts  ;  and,  strangest  of  all,  that  these  crops  should,  iu  field-practice, 
gain  comparatively  little  advantage  from  applications  of  active  ni- 
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trogenous  fertilizera,  —  have  often  been  remarked  upon,  and  have 
seemed  all  the  more  extraordinary  in  view  of  the  well-established 
truth  that  peas  and  beans,  and  various  kinds  of  clovers,  do  assim- 
ilate nitrates  from  the  soil  in  considerable  quantity,  and  that  ni- 
trate of  soda  is  a  useful  manure  for  these  crops.  It  was  observed 
by  Lawes  and  Gilbert  —  on  examining,  in  summer  or  early  autumn, 
the  soils  of  fields  which  had  received  no  nitrogenous  manure,  but 
from  which  crops  of  various  kinds  had  recently  been  harvested  — 
that  where  leguminous  plants  had  grown,  much  smaller  quantities 
of  nitrates  were  to  be  found  in  the  soil  than  where  the  land  had 
lain  fallow  and  there  had  been  no  plants  to  consume  the  nitrates. 
On  the  fallow  land,  from  40  to  60  lb.  of  nitrate-nitrogen  to  the 
acre  were  detected  in  the  upper  27  inches  of  soil,  while  on  fields 
which  had  borne  red  clover,  white  clover,  Bokhara  clover,  lucem, 
or  vetches,  not  more  than  5  to  14  lb.  of  nitrate-nitrogen  were 
found  in  this  depth  of  soil,  and  much  the  larger  part  of  these  quan- 
tities were  in  the  uppermost  9  inches  of  earth.  It  was  remarked 
that,  inasmuch  as  active  nitrification  is  always  in  progress  at  the 
surface,  it  requires  a  very  energetic  and  continuous  assimilation 
of  nitrates  by  the  crops  to  reduce  the  nitrate-nitrogen  to  so  small 
an  amount.  Below  the  surface-soil,  nitrates  were  practically  ab- 
sent to  a  very  considerable  depth,  especially  where  the  deeper- 
rooted  kinds  of  leguminous  crops  had  grown. 

Hellriegel,  in  experiments  made  many  years  since,  found  that 
clover  can  take  nitrate-nitrogen  from  the  soil,  and  be  nourished 
by  it ;  and  his  more  recent  experiments  show  clearly  that  legumi- 
nous plants  can  and  do  feed  upon  nitrates  on  occasion.  He 
recommends  that,  on  poor  land,  light  dressings  of  nitrogenous  fer- 
tilizers should  be  applied,  since  they  will  serve  to  nourish  the 
young  plant  until  the  time  when  nodules  have  formed  upon  it. 
For  this  purpose,  nitrate  of  ammonia  is  said  to  be  particularly 
useful.  (Wilfarth.)  It  was  noticed,  however,  that  the  economic 
effect  produced  by  a  given  weight  of  a  nitrate  applied  to  legumi- 
nous plants  was  less  than  that  produced  upon  the  cereal  grains. 
Thus,  where  one  part  of  nitrate-nitrogen  applied  to  oats  or  barley 
gave  an  increase  of  90  to  100  parts  of  dry  matter,  the  increase  of 
dry  matter  under  like  conditions  amounted  to  no  more  than  some 
60  or  60  parts  in  the  case  of  serradella. 

It  was  found  that  peas,  and  most  other  leguminous  plants,  grow 
well  enough  from  the  first  in  sterilized  soils  to  which  nitrates  have 
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been  added,  —  though,  in  this  case,  the  amount  of  nitrogen  found 
in  the  crop  is  always  less  than  that  contained  in  the  quantity  of 
nitrate  which  was  applied  to  the  soil;  while  in  sterilized  soils 
devoid  of  nitrates,  the  pknts  speedily  starve  from  lack  of  nitro- 
gen, until  such  time  as  the  necessary  bacterium  has  been  added  to 
the  soil,  and  has  had  opportunity  to  develop.  Practically,  it  will 
usually  be  advisable  in  field  culture  to  apply  light  dressings  of 
easily  assimilable  nitrogenous  fertilizers  to  leguminous  crops,  in 
order  to  help  forward  the  young  plants.  As  Prove  has  insisted, 
peas  in  particular  respond  freely  to  applications  of  nitrate  of  soda 
or  nitrate  of  lime.  By  employing  either  of  these  fertilizers,  a 
heavier  crop  may  be  got  in  a  shorter  time  than  can  be  grown  with- 
out them.  It  is  seldom  that  a  maximum  crop  can  be  obtained  in 
the  absence  of  nitrates,  because  in  that  case  the  growth  of  the 
plant  is  apt  to  be  very  uneven ;  some  particular  plants  may  grow 
freely,  while  others  are  seen  to  be  suffering  for  food. 
The  Utility  of  Nitrates  for  Leguminous  Crops  is  commonly  Subordi- 
nate to  that  of  the  Boot-Bacterium. 

Ordinarily  it  happens,  even  when  nitrates  are  present  in  the 
soil,  that  more  nitrogen  will  be  found  in  a  leguminous  crop  at  the 
time  of  hai*vest  than  the  limited  amount  of  nitrate  could  possibly 
have  supplied.  So,  too,  in  the  experiments  of  Lawes  and  Gilbert, 
it  appeared  that  the  amounts  of  nitrates  which  were  actually 
formed  in  the  soils  of  their  fields  were  not  sufficient  to  account  for 
all  the  nitrogen  which  was  found  in  their  leguminous  crops,  — 
that  is  to  say,  the  amounts  of  nitrates  actually  observed  to  exist 
in  the  soils  were  not  large  enough  to  account  for  the  whole  of  the 
nitrogen  carried  off  the  land  in  the  clover  crops.  To  quote  their 
own  words :  — 

"  A  good  crop  of  red  clover  may,  on  land  in  favorable  condition, 
but  without  the  direct  application  of  manure,  yield,  from  seed  sown 
in  the  spring  of  the  previous  year,  hay  containing  200  lbs.  of  nitrogen 
per  acre,  and  also  leave  much  nitrogenous  crop-residue  in  the  surface 
soil.  Bokhara  clover,  grown  in  a  soil  on  which  red  clover  had  fre- 
quently failed,  yielded  during  5  successive  years,  without  any  applica- 
tion of  nitrogenous  manure,  an  average  of  about  93  lb.  of  nitrogen 
per  acre  per  annum.  These  quantities  much  exceed  the  amounts 
which,  according  to  our  present  knowledge,  can  be  furnished  by  ni- 
trates in  the  soil.  .  .  The  question  obviously  arises,  whether  legumi- 
nous plants  do  not  find  in  soils  suited  to  their  growth  some  other 
source  of  nitrogen  than  nitrates.  The  very  large  amount  of  nitrogen 
taken  up  by  these  crops  would,  on  this  supposition,  be  due  to  their  pos- 
session of  a  power  of  utilizing  nitrogen  existing  in  the  soil  in  a  con- 
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dition  of  combination,  as  well  as  of  distribution,  not  available  to 
cereal  crops." 

In  soils  rich  in  available  nitrogen  the  roots  of  leguminous  plants 
are  apt  to  have  comparatively  few  nodules.  Sometimes  there  are 
hardly  any  nodules  at  all,  and  it  would  seem  to  be  evident  in  such 
cases  that  the  crop  must  take  much  less  nitrogen  from  the  air 
than  it  would  have  done  if  the  soil-nitrogen  had  been  less  abun- 
dant. It  is  to  be  said,  however,  that  Gasparin,  on  comparing  the 
quantities  of  manure  employed  in  a  number  of  instances  in  laying 
down  fields  to  lucem  in  Southern  France,  observed  that  the  crops 
were  larger  when  more  manure  had  been  applied  to  the  land,  al- 
though the  yield  of  forage  was  not  proportional  to  the  amount  of 
manure.  He  said,  ''  In  the  case  of  this  plant,  as  in  that  of  all  the 
other  plants  which  are  called  ameliorants,  the  manure  acts  only  to 
nourish  the  shoots  in  their  earliest  youth,  before  the  period  when 
the  plant  has  become  developed  so  that  it  can  get  food  from  the 
air.  In  cultivating  leguminous  crops,  it  will  be  advantageous  to 
push  the  dose  of  manure  to  the  utmost  limit,  which  will  be  the 
point  at  which  we  cease  to  get  an  adequate  increase  of  crop." 

It  is  evident  from  practical  experience,  that,  on  land  dressed 
with  farmyard-manure,  leguminous  plants  ordinarily  take  a  part 
of  their  nitrogenous  food  from  the  soil  while  another  part  comes 
from  the  air  through  the  root-nodules.  Hence  the  importance  in 
many  cases  of  growing  these  plants  either  on  undunged  fields  or 
by  means  of  artificial  fertilizers,  as  has  in  fact  long  been  custom- 
ary in  respect  to  gypsum. 

It  may  even  be  urged,  as  has  been  done  by  Wilf  arth  that  legumi- 
nous crops  are  out  of  their  proper  place  when  grown  on  land  that 
has  just  been  dunged,  since  they  do  not  in  that  case  act  their 
legitimate  part  towards  the  support  of  the  farm,  and  may  then 
fairly  enough  be  classed  among  exhaustive  crops  rather  than  as 
collectors  of  nitrogen.  It  is  evident  enough,  however,  from  farm 
experience,  that  several  leguminous  crops  can  derive  profit  from 
applications  of  farmyard-manure.  Thus,  Gasparin  has  said  of  the 
ordinary  edible  bean :  — 

"While  other  leguminous  crops  appear  to  take  a  large  part  if  not 
all  their  nitrogen  from  the  air  and  not  to  exhaust  the  soil,  but  to 
leave  behind  them  in  their  roots  and  stubble  more  of  this  element 
than  they  have  taken  from  the  land,  the  bean,  like  the  cereal  grains, 
draws  its  nitrogenous  constituents  from  the  soil,  and  consequently 
must  be  classed  with  the  grain-crops  in  respect  to  the  quantity  of 
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manure  which  should  be  applied  to  it.  Of  horse-beans,  he  says,  "  In 
general,  a  crop  of  horse-beans  can  bear,  without  lodging,  all  the  mar 
nure  one  may  care  to  put  upon  the  land,  while  there  is  left  in  the 
roots  and  stubble  more  nitrogen  than  has  been  carried  away  in  the 
vines  and  seeds."  lie  says, furthermore, "In  the  cultivation  of  peas 
some  difficulties  are  encountered  which  do  not  appear  in  the  growing 
of  beans.  Beans  will  bear  very  well  a  complete  manuring  which 
causes  them  to  grow  freely  when  they  are  young,  while,  later  on,  the 
action  of  the  leaves  takes  the  place  so  to  say  of  that  of  the  roots,  and 
the  plants  appear  to  be  nourished  at  the  expense  of  the  air.  Peas  on 
the  contrary  may  continue  to  be  fed  through  their  roots  after  the 
sprouting  of  the  leaves  and  there  may  thus  be  formed  a  superabun- 
ance  of  herbage  which  may  continue  to  grow  at  the  expense  of  the 
flowers  and  fruit,  so  that  sometimes  the  flowers  may  be  stifled  and 
fail  to  appear  altogether.  No  considerable  harvest  of  peas  can  be 
got  by  means  of  heavy  manurings  which  may  sometimes  lead  to  the 
production  of  nothing  but  vines  and  leaves."  lie  noticed  that  lucem 
derived  no  little  advantage  from  abundant  manurings. 

A  practical  Application  of  HellriegtVs  Teachings. 
The  correctness  of  Hellriegers  conclusions  as  to  the  symbiotic 
action  of  bacteria  on  the  roots  of  legumes  has  been  strikingly  illus- 
ti'ated  in  actual  farm-practice  by  experiments  made  upon  a  very 
large  scale  with  peas  and  horse-beans,  first  by  Salfeld  in  North 
Germany,  and  afterward  by  many  other  peraons.  Salfeld' s  ex- 
periments were  made  on  recently  reclaimed  moorland  which  had 
been  limed  and  dressed  with  phosphatic  slag,  with  kainit,  and 
with  nitrate  of  soda ;  and  it  was  found  that  the  crops  of  peas  and 
beans  were  largely  increased  on  all  those  parcels  of  land  which 
had  received  —  in  addition  to  the  artificial  fertilizers  —  small  quan- 
tities of  fertile  loams  brought  from  distant  fields  which  were  known 
to  yield  good  bean-crops.  Salfeld  remarks  that  the  surprising 
effects  produced  by  the  fertile  loams  could  be  attributed  neither  to 
their  physical  condition  nor  to  their  chemical  composition.  The 
amount  of  plant- food  contained  in  these  loams  was  insignificant  in 
comparison  with  that  added  in  the  fertilizers,  and  that  naturally 
contained  in  the  soil  proper.  He  was  forced  to  the  conviction 
that  Hellriegers  teachings  are  of  general  applicability,  and  that 
the  fertile  loams  employed  in  his  own  experiments  really  contained 
microscopic  organisms  which  enabled  the  peas  and  the  bean-plants 
to  get  nitrogen  from  the  air.  Inoculation  is  specially  to  be  recom- 
mended when  lupines  (or  other  new  kinds  of  leguminous  plants) 
are  to  be  introduced  into  regions  where  such  plants  have  not  been 
giowQ  before.   Also  in  cases  where  any  leguminous  crop  is  found 
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to  be  but  scantily  supplied  with  root-nodules,  as  may  happen  on 
land  that  has  just  been  cleared. 

•  It  is  evident,  however,  that  any  land  »' inoculated"  in  this  way 
must  be  fit  for  the  bacteria  to  live  in,  in  order  that  profit  may  be 
got  from  the  operation,  —  that  is  to  say,  the  soil  must  be  in  such 
condition  and  of  such  composition  that  no  hinderances  shall  be 
offered  to  the  increase  of  the  root-bacterium.  Thus,  Schmitter 
spread  earth  from  lupine  fields  upon  worn  out  heavy  loam,  and 
sowed  lupines  upon  the  land,  but  got  no  good  by  so  doing ;  and  it 
was  evident  from  the  behavior  of  the  crop  during  the  first  months 
of  the  experiment  that  the  soil  was  not  at  that  time  in  a  fit  condi- 
tion for  lupine  growing.  On  fertile  land,  rich  in  available  ni- 
trogen, inoculation  might  not  produce  much  effect  simply  because 
the  crops  could  grow  there  without  help  from  the  nodule  bacteria. 
(Wilfarth.) 

Nobbe  and  otliers  have  noticed  that  the  root-bacterium  may  not 
spread  very  rapidly  from  one  part  of  the  soil  to  another.  Thus, 
in  the  case  of  pea-plants  standing  in  sterilized  soil,  when  loam- 
water  was  applied  to  particular  parts  of  the  roots,  at  depths,  viz., 
of  120  and  of  200  mm.  from  the  surface  of  the  earth,  nodules 
grew  only  at  the  infected  places.  So,  too,  when  some  loam-water 
was  put  upon  the  surface  of  the  sterilized  soil,  and  some  at  a 
depth  of  120  mm.,  nodules  grew  on  the  roots  only  near  the  sur^ 
face,  and  at  the  depth  of  120  mm.,  while  the  roots  between  these 
limits  remained  free  from  nodules.  It  appeared  that  the  roots  of 
plants  of  any  age  could  readily  be  inoculated  by  means  of  the 
loam-water,  provided  it  was  applied  to  young  root-fibres  beset 
with  hairs.  It  follows,  of  course,  that  when  loam  charged  with 
symbiotic  fungi  has  been  strewn  upon  a  field  for  the  purpose  of 
inoculating  it,  pains  should  be  taken  to  harrow  in  this  loam  pretty 
thoroughly. 

Leguminofia  Crops  are  Capricious. 

Yet  another  matter  which  has  greatly  puzzled  the  farmers  is  the 
familiar  fact  that  some  kinds  of  leguminous  plants  can  seldom  be 
grown  continuously  on  one  and  the  same  piece  of  land  for  any  great 
length  of  time,  no  matter  how  fertile  this  land  may  be,  or  how 
abundantly  it  may  be  supplied  artificially  with  plant-food.  As 
Evelyn  said,  in  his  day,  "  Peas  [and  clover]  degenerate  betimes, 
at  least  in  2  or  3  years,  be  the  land  never  so  good."  The  sugges- 
tions lie  near  at  hand  that  enemies  of  the  micro-organism  may  ac- 
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cnmulate  in  the  soil  to  overwhelm  it,  or  that  the  secretions  of  the 
bacterium  itself  may  finally  destroy  it,  or  that  poisonous  chemical 
substances  which  result  from  reactions  incidental  to  the  life  of  the 
bacterium,  may  eventually  accumulate  to  such  an  extent  as  to  de- 
stroy it  or  to  destroy  the  clover.  It  is  highly  probable,  indeed, 
that  matters  hurtful  or  poisonous  to  the  root-bacteria  are  secreted 
by  them,  or  produced  in  some  way  as  a  result  of  their  activity,  -7- 
in  the  same  way  that  the  highly  poisonous  alkaloids,  known  as 
ptomaines  and  toxines,  are  formed  by  the  action  of  micro-organ- 
isms in  the  bodies  of  animals  suffering  from  certain  diseases,  as 
well  as  upon  dead  animal  matter,  such  as  meat  or  milk,  during  de- 
cay. It  is  possible,  moreover,  though  not  very  probable,  that  the 
bacteria  of  the  nodules  may  use  up  some  kinds  of  nitrogenous  mat- 
ter in  the  humus  of  the  soil,  and  that  this  action  may  explain  how  it 
is  that  on  land  which  has  just  borne  clover  or  peas,  several  years 
must  usually  be  allowed  to  pass  by  before  these  crops  can  again  be 
grown  with  success. 

When  this  subject  has  been  adequately  studied,  experimenters 
may  perhaps  be  able  to  determine  why  it  is  that  wheat  sometimes 
fails  to  grow  well  after  peas  and  vetches ;  and  they  may  even  dis- 
cover how  it  is  that  wheat,  as  a  general  rule,  does  not  yield  par- 
ticularly good  crops  when  grown  after  potatoes  or  after  barley. 
Liebscher  found,  on  growing  peas  continuously,  that  the  roots 
were  beset  with  nematode  worms,  while  peas  grown  in  rotation 
remained  healthy.  After  some  years  of  incessant  pea-growing,  the 
plants  failed  utterly  unless  dressed  with  nitrogenous  fertilizers, 
and  even  then  they  were  miserable,  and  had  few  or  no  nodules, 
though  nodules  were  abundant  on  the  roots  of  peas  grown  close 
by  in  rotation.  The  roots  of  the  sickly  pea-plants  were  found  to 
be  covered  with  nematode  worms,  and  so  were  the  roots  of  an  oat- 
crop  which  was  grown  after  the  peas,  while  no  nematodes  could  be 
detected  on  any  of  the  plants  on  adjacent  plots.  Liebscher  urges 
that  wherever  leguminous  plants  are  apt  to  fail,  the  farmer  will  do 
well  to  observe  whether  nodules  may  not  be  absent  from  the  roots 
and  nematodes  present.  The  too  frequent  growing  of  legumes,  he 
says,  far  from  breeding  the  nitrogen-bringing  bacterium,  may  per- 
haps do  the  land  harm  by  filling  it  with  pernicious  nematodes. 
MeHt  of  Clover  Rotations. 

The  propriety  of  basing  farms,  when  possible,  on  clover  rota- 
tions, and,  in  general,  the  advantages  of  cropping  land  in  such 
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manner  that  the  inert  nitrogen  of  the  air  —  to  say  nothing  of  that 
in  humus  and  farmyard-manure  —  shall  be  put  to  legitimate  use, 
have  become  plainer  than  ever  since  the  doctrine  of  symbiosis  has 
been  formulated.  For  example,  Walz  has  described  special  in- 
stances of  soils  naturally  fertile,  which,  when  worked  on  the  old 
plan  of  growing  two  grain-crops  in  succession,  and  leaving  the 
land  fallow  every  third  year,  could  be  made  to  yield  tolerably 
good  crops  of  grain  during  long  terms  of  years,  without  applying 
any  manure,  provided  the  land  was  occasionally  "brought  into 
condition  "  by  seeding  it  down  to  lucern.  Of  itself,  the  regularly 
recurring  bare  fallow  of  the  third  year  was  insufficient  to  keep  up 
the  land  to  the  normal  pitch  of  productiveness;  and  the  grain- 
crops  were  seen  gradually  to  diminish  until  the  moment  when 
lucern  was  interpolated  after  the  third  or  fourth  recurrence  of  the 
fallow  year.  When  the  land  was  again  ploughed,  after  having 
been  kept  in  lucern  during  several  years,  it  was  found  to  be  recu- 
perated, and  fit  to  bear  new  courses  of  grain-crops,  in  spite  of  the 
fact  that  much  larger  quantities  of  nitrogen  and  of  ash-ingredients 
had  been  removed  in  the  successive  cuttings  of  lucern  than  could 
have  been  carried  off  during  the  same  period  of  time  in  case  grain 
had  been  grown  upon  the  land  instead  of  the  lucern.  The  infer- 
ence is,  that,  thanks  to  the  action  of  the  fungus,  large  quantities  of 
useful  nitrogen-compounds  were  left  in  the  land,  in  the  roots  of  the 
lucern.  Several  of  the  experiments  of  Lawes  and  Gilbert  clearly 
exhibit  the  increased  fertility  which  results  from  the  growth  of 
horse-beans  or  red  clover.  It  frequently  happened  that  the  grain- 
crops  taken  after  beans  or  clover  were  equal  to  or  even  larger  than 
similar  crops  grown  in  tiie  same  season  after  a  bare  fallow. 
How  Lupines  improve  Sands. 
The  continuous  growth  of  lupines  on  poor,  sandy  land  in  Ger- 
many, affords  a  striking  illustration  of  the  great  practical  im- 
portance of  the  fixation  of  nitrogen  by  the  root-bacterium.  Thus, 
on  applying  each  year  3  Centner  of  kainit  to  the  Morgen  of  land, 
without  any  other  fertilizer,  —  except  an  occasional  dressing  of 
plain  superphosphate,  which  never  did  any  visible  good, —  Schultz 
grew  lupines,  during  15  years,  at  the  rate  of  at  least  6  Centner 
seeds  and  1 2  cent,  straw.  He  reckons  that  these  crops  carried  off 
from  the  hectare  1,357  kilo,  nitrogen,  344  kilo,  phosphoric  acid, 
and  482  kilo,  potash.  At  the  close  of  the  experiment,  analysis 
showed  that  the  soil,  taken  to  a  depth  of  two  feet,  contained  3,851 
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kilo,  nitrogen  to  the  hectare,  while  the  soils  of  contiguous  fields 
which  had  been  pastured,  or  cropped  in  a  different  way,  and  which 
had  received  more  or  less  dung,  contained  respectively  no  more 
than  1,580  and  2,004  kilo,  of  nitrogen.  All  of  which  —  as  well 
as  the  continuous  crops  of  lupines  —  went  to  show  that  very  con- 
siderable amounts  of  nitrogen  had  accumulated  in  the  lupine  land. 
Some  Mosses  and  Algae  can  fix  Nitrogen, 

There  is  still  much  to  be  learned  as  to  what  kinds  of  plants  are 
capable  of  being  supplied  with  nitrogen  from  the  air,  though 
doubtless  there  are  many  such  beside  the  leguminosae.  The  roots 
of  the  common  flowering  nasturtium  (Tropeolum) ,  for  example, 
are  seen  sometimes  to  be  thickly  beset  with  nodules,  and  the  pres- 
ence of  these  excresences  is  coincident  with  vigorous  growth  of 
the  leafy  parts  of  the  plant ;  a  fact  which  may  serve  to  explain 
why  it  is  that  in  some  instances  potted  nasturtiums  fail  to  grow 
well,  in  spite  of  careful  tending,  while  in  other  cases  they  thrive 
extremely  under  what  had  seemed  to  be  similar  conditions.  It 
has  been  proved,  moreover,  that,  beside  fungi  proper  and  those 
plants  which  support  or  contain  nitrogen-bringing  micro-organ- 
isms (as  legumes  and  lichens  do) ,  there  are  some  species  of  the 
lower  orders  of  green  plants,  such  as  certain  algae  and  mosses, 
which  have  the  power  of  fixing  free  nitrogen.  (Schloesing  and 
Laurent.) 

Healing  of  the  Stumps  of  Conifers. 

In  the  light  of  what  has  already  been  learned  as  to  the  power  of 
fungi  attached  to  roots,  to  supply  these  roots  with  food,  it  becomes 
possible  to  offer  a  credible  explanation  of  a  curious  phenomenon 
which  has  long  excited  the  interest  of  foresters.  On  cutting  down 
young  coniferous  trees,  it  has  repeatedly  been  noticed  in  Europe 
that  the  stumps  sometimes  heal  and  become  covered  with  bark, 
much  in  the  same  way  that  scars  on  the  trunks  of  living  deciduous 
trees  become  covered  where  boughs  have  been  lopped  off.  It  has 
been  observed  that  these  coniferous  stumps  sometimes  remain  alive 
during  many  years,  and  continue  to  produce  annual  circles  of  new 
wood  for  an  indefinite  period,  although  no  leaves,  branches,  or 
suckers  are  connected  with  the  stump.  This  observation  has 
been  made  more  particularly  in  respect  to  stumps  of  the  silver 
fir  of  Europe,  and  to  those  of  the  European  pine ;  but  the  phe- 
nomenon has  sometimes  been  noticed  on  stumps  of  the  larch,  the 
Scotch  fir,  and  the  spruce  fir ;  and  several  observers  have  speci- 
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fied  that  the  stamps  seen  by  them  were  growing  on  deep  peat  or 
in  bog-earth. 

It  has  sometimes  been  suggested  that  the  roots  of  such  stamps 
may  have  by  some  accident  become  engrafted  (undergroand) 
upon,  or  fused  with,  the  roots  of  neighboring  living  trees,  from 
which  sap  may  flow  to  support  the  bare  stump ;  but  this  idea  has 
never  been  generally  accepted,  for  the  good  and  sufficient  reason 
that  it  is  commonly  contradicted  by  the  circumstances  under  which 
the  stumps  are  situated.  It  is  much  more  reasonable  to  suppose 
that  fungi,  which  had  become  established  upon  the  roots  when  the 
tree  itself  was  living,  may  continue  to  contribute  food  for  the  sup- 
port  of  the  stump,  even  after  the  tree  has  been  felled. 
The  Line  of  LeaM  Resistance. 

It  may  be  said,  in  conclusion,  that  the  matter  of  blended  growth 
is  really  less  remarkable  than  might  appear  at  first  sight.  It  may 
be  regarded,  indeed,  as  affoi-ding  a  striking  illustration  of  the  truth 
of  the  famous  dictum  of  Stephenson,  that  '^  Where  combination  is 
possible,  competition  fails  " ;  and  as  being  in  complete  harmony 
with  the  familiar  principle  of  Least  Action  (or  of  Minimum  Effort) , 
which  was  at  one  time  much  debated  by  philosophers. 
Fixation  of  Nitrogen  by  Fungi  in  General. 

Beside  the  symbiotic  organisms,  as  above  described,  it  is  very 
evident  that  many  other  kinds  of  fungi  must  have  the  power  of 
assimilating  free  nitrogen  from  the  air.  The  necessity  of  accept- 
ing this  view  in  order  to  comprehend  certain  familiar  appearances 
connected  with  the  growth  of  fungi  has  long  been  manifest.  The 
rapidity  of  the  growth  of  many  species,  as  well  as  their  appearance 
on  bare  rocks  and  on  other  inert  materials  such  as  are  wholly  in- 
capable of  supplying  any  other  form  of  nitrogenous  food,  has  al- 
ways pointed  directly  to  this  conclusion.  Great  lichens,  such  as 
the  reindeer  moss,  are  seen  to  grow  freely  on  bare  rocks  and  on 
soils  so  sterile  that  no  ordinary  plants  or  weeds  can  live  upon 
them,  and  there  are  instances  on  record  where  fungoid  growths 
have  covered  the  surfaces  of  iron  articles  in  the  course  of  a  day 
or  two  after  the  iron  had  been  cast. 

The  following  citation  from  Trommer's  "Bodenkunde,"  1857, 
pp.  456-458,  will  serve  to  illustrate  a  feeling  which  prevailed 
before  the  actual  discovery,  in  more  recent  years,  that  many 
cryptogamic  plants  do  really  possess  a  power  of  fixing  nitrogen. 
^'  The  occurrence  of  certain  fungi  on  the  most  sterile  sands,  where 
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no  other  crop  than  pine-trees  could  possibly  be  grown,  is  a  fact 
worthy  of  special  attention.  While  the  origin  of  fungi  is  in  any 
event  to  be  classed  among  standing  problems  in  physiology,  the 
appearance  of  those  kinds  which  grow  on  mere  sand  is  problem- 
atical in  the  highest  degree,  for  they  not  only  appear  upon  soils 
which  are  wellnigh  completely  free  from  organic  matters,  but  they 
develop  with  extreme  rapidity  and  they  produce  great  quantities 
of  organic  matter  such  as  are  not  to  be  observed  in  the  case  of 
any  phanerogamic  plant.  These  appearances  become  even  more 
remarkable  when  account  is  taken  of  the  large  quantity  of  nitrogen 
which  the  fungi  actually  contain,  and  when  we  reflect  on  the  pov- 
erty, as  to  nitrogenous  constituents,  of  the  soils  on  which  the 
fungi  have  grown.  I  have  never  been  able  to  detect  in  such  soils 
enough  nitrogen  to  be  of  any  consequence.  .  .  To  my  own  mind 
the  facts  and  the  appearances  remain  a  physiological  problem,  as 
was  just  now  said." 

BertheloVs  Bacteria. 

This  matter  first  received  definite  explanation  through  the  ex- 
periments of  Berthelot,  which  showed  conclusively  that  certain 
microscopic  organisms  living  in  the  soil  can  and  do  feed  upon  the 
free  nitrogen  of  the  air.  Berthelot  noticed,  in  the  first  place,  that 
in  clayey  and  sandy  soils,  as  well  as  in  loams  generally,  there  is 
during  the  growing  season  a  slow  but  incessant  fixation  of  free 
nitrogen  from  the  air  due  to  the  presence  of  microscopic  organisms 
in  the  soil,  which  feed  upon  the  humus  or  other  organic  matter 
therein  contained,  and  also  upon  the  free  nitrogen  of  the  air. 

This  fixation  of  nitrogen,  dependent  upon  micro-organisms, 
occurs  both  in  daylight  and  in  darkness,  though  more  freely  in 
the  light;  best  at  summer  temperatures  between  50"*  and  104°  F. 
and  where  there  is  a  good  supply  of  oxygen,  for  the  organisms  are 
aerobic.  But  it  is  not  desirable  that  the  conditions  should  be 
favorable  for  active  nitrification.  The  process  is  immediately  put 
an  end  to  on  heating  the  soil  to  230**  F.,  so  as  to  destroy  the 
organisms ;  and  it  does  not  occur  in  the  winter.  A  high  degree 
of  porosity  in  the  soil  is  favorable  for  the  fixation  of  nitrogen. 
More  nitrogen  is  fixed  in  case  the  soil  is  freely  exposed  to  rain 
than  when  it  is  protected.  A  proportion  of  water  in  the  soil  not 
exceeding  12  to  15  ^,  and  not  falling  below  2  or  3  ^  is  favor- 
able. Fixation  occurs  not  only  in  bare  land,  but  also  in  soils 
upon  which  plants  are  growing,  thoug[h  less  nitrogen  accumulate^ 
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in  this  way  in  soils  covered  with  vegetation  than  in  those  which 
are  bare,  apparently  because  the  plants  take  up  and  use  some  of 
the  nitrogen  which  has  been  fixed.  In  some  instances,  however, 
it  has  been  noticed  that  no  fixation  of  nitrogen  from  the  air  oc- 
curred in  soils  taken  from  fields  which  had  recently  borne  legumi- 
nous crops,  perhaps  because  of  the  presence  in  these  soils  of 
micro-organisms  inimical  to  those  whose  action  Berthelot  has 
studied. 

The  nitrogen  thus  gained  from  the  air  is  at  first  in  a  form  in- 
soluble in  water,  but  in  most  instances  a  notable  proportion  of  the 
fixed  nitrogen  is  soon  converted  into  nitrates. 

From  Berthelot's  laboratory  experiments,  it  may  be  reckoned 
roughly  that  sands  and  clays  might  fix  in  a  year  as  much  ni- 
trogen as  would  amount  to  75  to  100  or  more  lb.  to  tlie  acre  of 
land.  Indeed  he  noticed  in  two  exceptional  instances  that  nitrogen 
was  fixed  by  sand  at  the  rates  of  525  lb.  and  980  lb.  to  the  acre. 
But  as  regards  loams,  at  least,  he  found  that  the  fixation  of  ni- 
trogen from  the  air  ceased  as  soon  as  a  certain  not  very  large 
proportion  of  this  element  had  been  accumulated,  and  it  would 
appear  that  soils  may  sometimes  be  better  able  to  fix  nitrogen  in 
proportion  as  they  contain  less  humus.  These  experiments  are 
manifestly  of  very  great  scientific  importance,  and  they  are  doubly 
interesting  in  that  they  mark  a  decided  step  forward  in  a  long 
series  of  observations  which  now  serve  to  support  them,  or  even 
to  verify  them. 

The  Observations  of  De  Saussure  and  Mulder, 

It  was  maintained  long  ago  by  several  observers,  among  others 
by  De  Saussure,  that,  under  certain  conditions,  a  part  of  the  ni- 
trates which  form  when  vegetable  matters  decay  come  from  the 
free  nitrogen  of  the  air.  Other  obsei'vers  urged  that  the  large 
quantities  of  nitrates  sometimes  produced  on  chalk  cliffs  which 
contain  but  a  trace  of  oi^anic  matter  point  to  the  truth  of  the 
conception  that  some  of  the  nitrogen  in  these  nitrates  must  have 
come  from  the  air.  Faraday  observed  that  almost  all  solid  sub- 
stances exposed  to  the  air  contain  more  or  less  nitrogenous  mat- 
ter, and  his  observation  has  been  repeatedly  verified  and  illus- 
trated. Mulder  in  his  day  urged  with  much  force,  that,  when 
decaying  humus  undergoes  oxidation  by  the  action  of  air,  some  of 
its  hydrogen  unites  with  nitrogen  from  the  air  to  form  ammonia 
[or  some  other  nitrogen  compound].     He   supported  this  view 
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primarily  upon  expenments  which  showed  that  moulds  grown  upon 
non-nitrogenous  substances  always  contain  protein.  Thus,  on 
leaving  for  three  months  dilute  aqueous  solutions  of  sugar  in 
stoppered  bottles  with  a  sevenfold  volume  of  air,  an  abundance  of 
mould  grew,  which,  on  being  collected  and  subjected  to  dry  dis- 
tillation, gave  off  large  quantities  of  ammonia.  So,  too,  starch 
kept  under  water  in  a  bottle  that  contained  air  soon  fermented, 
and  the  fungus  which  it  had  nourished  gave  off  ammonia  on  being 
distilled ;  and  in  like  manner  woody  fibre,  decaying  with  scanty 
access  of  air  in  the  lower  layera  of  a  vegetable  soil,  appeared  to 
form  ammonia,  in  consequence,  as  was  supposed,  of  a  part  of  the 
hydrogen  of  the  fibre  entering  into  combination  with  nitrogen  from 
the  air,  while  another  part  combined  with  oxygen. 

In  other  experiments,  Mulder  grew  bean-plants  in  soils  that  con- 
sisted either  of  ulmic  acid  (made  from  pure  sugar)  or  of  charcoal, 
with  which  1  %  of  ash-ingredients  had  been  admixed,  and  which 
were  watered  with  pure  water.  He  found  twice  and  thrice  as 
much  nitrogen  in  the  bean-plants  as  was  contained  in  bean-seeds 
similar  to  those  which  he  had  planted,  though  the  results  of  these 
experiments,  when  viewed  in  the  light  of  the  better  knowledge  of 
to-day,  would  naturally  be  attributed  to  nitrogen-bringing  bacteria 
upon  the  roots  of  the  bean-plants,  as  described  on  a  previous  page. 
It  is  none  the  /less  true,  however,  that,  in  consequence  of  Mulder's 
experiments,  an  impression  obtained  currency  many  years  ago 
that  ammonia  is  generated  when  nascent  hydrogen  from  decom- 
posing organic  matters  comes  in  contact  with  the  free  nitrogen  of 
the  air.  Indeed,  it  was  taught  at  one  time  that  nascent  hydrogen 
from  water  that  is  undergoing  decomposition  by  the  action  of 
metals,  such  as  zinc  or  iron,  which  remove  oxygen  from  it,  could 
unite  with  free  nitrogen  to  form  ammonia.  But  this  idea  was  dis- 
proved by  the  experiments  of  Will. 

Early  Observojtions  on  the  Fixing  of  Nitrogen  by  Fungi, 

In  certain  experiments  of  Boussingault  (see  *^  How  Crops  Feed," 
p.  259),  the  amount  of  nitrogen  contained  in  garden-loam  was 
found  to  increase  slightly  during  the  summer  months,  although  at 
the  very  time  the  carbon  in  the  soil  was  wasted  to  an  appreciable 
extent  by  oxidation.  But  in  soils  which  had  been  deprived  of  or- 
ganic matter  no  appreciable  accumulation  of  nitrogen  occun*ed. 
In  a  set  of  experiments  by  Fittbogen,  in  which  jars  of  moistened 
peat,  admixed  with  carbonate  of  lime,  carbonate  of  potash,  or  other 
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chemical  substances,  were  exposed  to  the  air  in  a  greenhouse  dur- 
ing 4  months,  it  was  noticed  in  every  instance  that  a  given  weight 
of  the  peat  contained  somewhat  more  nitrogen  at  the  close  of  the 
experiment  than  had  been  contained  in  the  same  weight  of  peat  at 
the  beginning ;  but  it  was  thought  that  this  increase  in  the  per- 
centage proportion  of  nitrogen  might  perhaps  be  due  merely  to  the 
circumstance  that  the  carbon  in  the  peat  had  been  dissipated  by 
way  of  oxidation  more  rapidly  than  the  nitrogen. 

Experiments  by  Cloez,  also,  on  nitrification  ( '  'How  Crops  Feed," 
p.  263),  point  to  fixation  of  free  nitrogen  from  the  air  by  the  ma- 
terials upon  which  he  operated.  In  some  experiments  where 
lupines,  hemp  and  beans  were  grown  in  garden  soil,  Boussingault 
noticed  distinct  gains  of  nitrogen  over  and  above  the  amount  con- 
tained in  the  soil  and  seeds  at  the  beginning  of  the  experiment. 
Eugling  also  observed  decided  gains  of  nitrogen  on  growing  soy 
beans,  for  two  successive  years,  in  jars  of  moor-earth  that  had 
been  mixed  with  carbonate  and  phosphate  of  lime  and  sulphate  of 
potash.  In  spite  of  the  waste  of  carbonaceous  matters  by  oxida- 
tion, there  was  found  more  nitrogen  in  the  soil  at  the  end  of  the 
experiment  than  at  the  beginning ;  and  in  addition  to  this  it  was 
observed  that  no  inconsiderable  quantity  of  nitrogen  was  carried 
off  in  the  crops.  All  of  which  manifestly  consists  with  the  more 
recent  experiments,  described  above,  in  which  leguminous  plants 
were  found  to  gain  nitrogen  from  the  air. 

Koenig  and  Kiesow,  in  their  experiments  on  the  prevention  of 
loss  of  nitrogen  during  the  decay  of  oi^anic  matters,  noticed  that, 
instead  of  losing  nitrogen  in  the  course  of  the  experiments,  the 
substances  usually  gained  a  little  of  this  element,  especially  when 
gypsum  and  loam  were  present.  But  the  amount  of  this  increase 
was  so  small  that  it  was  attributed  to  errors  inherent  in  the 
method  of  experimenting.  In  these  experiments  the  materials 
were  mixed  with  water  to  a  pap,  which  became  strongly  alkaline 
through  fermentation. 

Armsby  (American  Journal  of  Science,  1874,  VIII,  337)  ex- 
posed decaying  nitrogenous  organic  substances,  that  were  "  moist, 
but  not  coherent,"  to  a  current  of  air,  and  observed  that  usually 
small  amounts  of  nitrc^en  were  lost  from  them,  except  in  those 
instances  in  which  the  organic  matters  had  been  made  alkaline 
with  potash.  Here  he  noticed  distinct  gains  of  nitrogen.  In 
Armsby 's  own  words :  "  We  must  conclude  that  decaying  organic 
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» 
substances,  in  the  presence  of  caustic  alkali,  are  able  to  fix  free 

nitrogen  without  the  gain  being  manifest  as  nitric  acid  or  ammonia, 

and  probably  without  the  formation  of  these  bodies."     It  is  to  be 

presumed,  of  course,  that  fermentations  favorable  for  the  fixation 

of  nitrogen  were  promoted  by  the  alkali,  —  potash  in  this  case. 

Birner,  also,  on  adding  various  substances  to  a  mixture  of 
horse-  and  cow- dung,  and  leaving  the  materials  at  rest  for  half  a 
year,  in  a  place  sheltered  from  sun  and  rain,  found  that  the 
amonnt  of  nitrogen  in  the  dung  increased  in  several  instances 
through  fixation  of  nitrogen  from  the  air.  The  largest  increase 
of  nitrogen  occurred  in  mixtures  which  contained  respectively  1  % 
of  kainit  and  1  ^  of  sulphate  of  magnesia;  and  a  somewhat 
smaller  increase  was  noticed  in  the  mixtures  which  contained 
2.5  ^  of  slaked  lime  and  10  ^  of  peat-dust.  Per  contra,  thera 
were  large  losses  of  nitrogen  from  a  mixture  which  contained  5  % 
of  peat-dust  (7.2  ^  loss),  and  from  one  that  contained  1  ^  of 
carbonate  of  lime  (9.78  ^  loss).  There  was  a  small  loss  of  ni- 
trogen from  a  mixture  which  contained  1.5  ^  of  slaked  lime,  and 
a  large  loss  (7  %  )  from  one  that  contained  0.5  ^  of  the  lime.  A 
mixture  which  contained  1  %  of  gypsum  showed  a  slight  loss  of 
nitrogen. 

It  is  to  be  inferred  from  these  results  that  the  increase  of  nitro- 
gen occurred  in  those  instances  where  the  conditions  happened  to 
be  favorable  for  the  growth  of  the  fixing  ferment,  and  that  there 
was  a  loss  of  nitrogen  from  the  manure  when  the  conditions  were 
favorable  for  nitrification  —  as  when  carbonate  of  lime  was  pres- 
ent—  or  for  putrefaction.  One  portion  of  the  manure,  which  was 
purposely  kept  moist  during  the  six  months,  in  order  that  it  might 
putrefy,  lost  6.6  %  of  its  nitrogen,  while  another  portion,  which 
was  allowed  to  dry  out,  lost  only  1  %  of  its  nitrc^en. 
Experimetits  of  Selmi  and  DeMrain, 

Kellner,  on  allowing  moistened  soy-beans  and  milk  to  ferment 
slowly,  found  that  there  was  no  loss  of  nitn^en  from  these  ma- 
terials, but  a  small  gain,  though  meal  of  dried  fish  similarly  treated 
lost  a  little  of  its  nitrogen.  Simon  was  even  led  to  conclude  that 
humic  acid  can  absorb  nitrogen  from  the  air  and  from  pure  ni- 
trogen gas,  with  formation  of  ammonia,  but  his  results  have  been 
disputed  by  Vogel  and  by  Prevost.  Meanwhile,  it  had  been  shown 
by  the  Italian  chemist  Selmi  that  moulds  and  other  fungi,  both 
visible  and  microscopic,  evolve  hydrogen,  especially  from  those 
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• 
parts  which  are  in  the  shade.    Ordinarily,  or,  so  to  say,  normally, 

most  of  the  hydrogen  produced  by  the  larger  fungi  combines  with 

oxygen  from  the  air  to  form  water.     But  at  the  same  time  a  little 

ammonia  [or  other  compound  of  nitrogen]  is  formed  by  the  union 

of  some  of  the  nascent  hydrogen  with  nitrogen  from  the  air. 

Selmi  argued  at  once  that  this  fact  is  one  of  much  agricultural 

importance. 

Many  years  after  Mulder,  Deh^rain,  returning  to  his  idea,  mixed 
hnmus  taken  from  old  trees  with  a  solution  of  carbonate  of  pot- 
ash, and  warmed  the  mixture  in  a  closed  flask  that  contained  a 
mixture  of  oxygen  and  nitrogen.  He  found  that,  while  all  the 
oxygen  went  into  combination  with  the  organic  matters,  an  ap- 
preciable quantity  of  nitrogen  also  was  absorbed.  Whence  he 
argued,  that  organic  matters  decaying  in  the  soil  absorb  some  ni- 
trogen, as  well  as  much  oxygen,  and  so  act  to  make  a  part  of  the 
nitrogen  of  the  air  available  for  feeding  plants. 

In  other  experiments,  made  at  the  ordinary  temperature  of  the 
air,  he  found  that  the  presence  of  oxygen  seemed  to  hinder  the 
fixation  of  nitrogen,  and  he  argued  that  this  would  naturally  be 
the  case,  since,  when  oxygen  is  present  in  abundance,  it  would 
combine  continually  with  the  nascent  hydrogen  and  allow  very 
little  chance  for  nitrogen  to  do  so.  But  on  exposing  wet  sawdust, 
with  or  without  lime,  humus  from  old  trees,  or,  best  of  all,  mix- 
tures of  glucose  and  soda,  to  nitrogen  gas,  instead  of  ordinary 
air,  it  usually  happened  that  some  of  the  nitrogen  was  absorbed 
and  fixed.  There  were  formed  nitrogenized  compounds  that  were 
capable  of  yielding  ammonia  on  being  ignited  with  soda  lime.  It 
appeared  in  these  trials  that  the  fixation  of  nitrogen  by  carbonace- 
ous matters  can  occur  even  at  the  ordinary  temperature  of  the  air, 
though  more  readily  at  higher  temperatures.  According  to  Avery, 
mixtures  of  glucose  and  dilute  solution  of  soda  ferment  readily 
when  seeded  with  the  lactic  ferment  and  heated.  They  yield 
hydrogen  freely,  as  well  as  lactic  acid. 

Still  later,  Deh^rain  tried  experiments  with  sawdust,  humus 
from  old  trees,  decomposed  wood,  and  glucose  mixed  with  lime, 
potash,  soda,  or  ammonia,  and  often  found  that  appreciable  quan- 
tities of  nitrogen  were  fixed  from  the  air,  notably  in  cases  where 
the  old  wood  and  the  humus  were  employed.  lie  found,  as  before, 
that  the  presence  of  oxygen  was  detrimental,  and  agreed  with 
Mulder,  that  nitrogen  from  the  air  can  perhaps  be  more  readily 
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fixed  in  the  lower  layers  of  the  soil  than  near  the  surface,  where 
oxygen  is  abundant.  He  urged  anew  that  fermenting  or  decaying 
oi^anic  mattei-s,  such  as  occur  naturally  in  the  soil,  evolve  hydro- 
gen, which,  when  nascent,  unites  with  free  nitrogen  from  the  air 
to  form  anmionia,  which  enters  into  combination  with  carbonace- 
ous matters  to  form  substances  analogous  to  those  naturally  pro- 
duced in  the  soil  by  the  decomposition  of  vegetable  matter. 

With  the  advance  of  knowledge,  the  results  of  all  these  experi- 
ments have  become  much  more  intelligible,  since  it  is  now  evident 
that  they  must  have  been  brought  about  by  the  action  of  micro- 
scopic organisms.  That  is  to  say,  the  reactions  described  de- 
pended on  biological,  rather  than  upon  chemical  conditions.  The 
very  fact  that  Deh^rain  in  his  experiments,  met  with  frequent 
failures  shows  the  real  merit  of  his  work.  It  can  now  be  seen 
plainly  enough  that  no  nitrc^en  could  be  fixed  in  his  experiments 
unless  some  germs  of  the  necessary  micro-organisms  happened  to 
become  mixed  with  the  contents  of  the  flasks. 
Avenfs  ObservcUions. 

Several  years  ago,  my  friend,  Mr.  C.  E.  Avery,  while  working 
out  his  patented  process  for  making  lactic  acid  in  the  large  way, 
was  impressed  with  the  idea  that  nitrogen  compounds  are  con- 
tinually formed  by  the  union  of  free  nitrogen  from  the  air  with 
the  nascent  hydrogen  which  is  known  to  be  developed  during  many 
kinds  of  fermentations.  Under  date  of  February  20,  1885,  he 
wrote  to  me  the  following  statement:  ''In  my  fermentation 
studies,  it  seems  to  me  that  the  source  of  the  nitrogen  supplied  to 
plants  is  plain ;  all  the  steps  are  now  proved,  we  only  want  the 
experimental  link.  The  nitric  ferment,  when  air  and  calcic  car- 
bonate ai-e  present,  oxidizes  ammonia  to  nitrates,  the  direct  food 
of  plants.  The  ammonia  is  known  to  form  whenever  nascent 
hydrogen  is  released  in  the  presence  of  free  nitrogen,  that  is  to 
say,  of  air.  Now,  when  glucose  or  lactic  acid,  or  many  other 
vegetable  bodies  ferment,  nascent  hydrogen  is  released  as  in  the 
butyric  fermentation, 

CeHiA  =  C4H3O,  +  2  CO,  -f  H4. 
But,  as  appears  from  pages  583  and  584  of  Vol.  Ill,  Part  II,  of 
Roscoe  and  Schorlemmer,  pine  wood,  poplar  wood,  and  lignin 
yield  glucose  in  fact  in  presence  of  water,  albuminoids,  and  nutri- 
tive salts.  Wood  is  well  known  to  ferment  rapidly,  to  its  destruc- 
tion,—  the  starch,  inulin,  sugar,  etc.,  in  it  adding  to  the  amount 
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of  hydrogen  which  is  set  free.  Have  we  not  here  a  complete  chaJ 
of  known  facts,  and  a  theory  of  the  old  barnyard  plan  of  manu^ 
ing?  Many  other  ferments  beside  the  butyric  release  hydrogen. 
See  Schiitzenberger,  for  example,  in  his  book  '  On  Ferments.' " 
In  a  subsequent  letter,  dated  March  22,  1885,  Mr.  Avery  insisted 
that  experiments  tried  by  himself  upon  loam  clearly  indicated  the 
occurrence  there  of  fermentations,  such  as  occasion  the  evolution 
of  hydrogen.  His  words  were  as  follows :  * '  I  have  run  two  fer- 
mentations of  garden  soil,  from  flower-pots,  in  contact  with  cal- 
cium carbonate,  with  supernatant  water  at  110^  F.,  and  find  tiiat 
carbonic  acid  comes  off  lively.  Hence  lactic  and  butyric  ferments 
are  almost  certainly  present;  also  glucose  yielders."  And,  allud- 
ing to  the  observation  of  Zabelin  (*'How  Crops  Feed,"  p.  80), 
that  ammonia  is  formed  upon  bits  of  paper  or  linen  (i.  e.  cellu- 
lose) wet  with  water  and  heated  in  the  air  to  from  120°  to  160** 
F.,  he  added,  '^  I  have  myself  found  that  in  faintly  alkaline  solu- 
tions these  fermentations  run  well  at  what  are  usually  thought  to 
be  killing  temperatures." 

Finally  Winogradski  has  isolated  from  the  soil  and  has  »*  cul- 
tivated "  micro-organisms  which  when  fed  with  glucose  and  ash- 
ingredients  rapidly  absorb  and  fix  the  nitrogen  of  the  air.  Mean- 
while the  sugar  is  decomposed  with  evolution  of  carbonic,  butyric 
and  acetic  acids  and  large  quantities  of  hydrogen. 
Fixation  of  Nitrogen  by  Symbiosis  more  important  than  its  Fixa- 
tion  by  ^ ^Ferments," 

In  the  light  of  existing  knowledge,  it  may  be  regarded  as  proved 
that  some  nitrogen  from  the  air  is  really  fixed  as  an  incident  to 
certain  fermentations  which  occur  in  the  soil.  The  fact  is  one  of 
the  utmost  importance  when  geologically  considered,  and  enough 
has  been  learned  already  to  show  that  it  has  great  agricultural  sig- 
nificance, even  in  the  immediate  economic  sense.  But  it  needs  to 
be  said  that,  practically  speaking,  the  fixation  of  nitrogen  by  micro- 
organisms living  in  the  soil  appears  to  be  of  far  less  agricultural 
importance  than  the  fixation  of  nitrogen  by  the  bacteria  which  live 
upon  the  roots  of  leguminous  plants.  As  Hellriegel  has  urged,  it 
is  a  fair  presumption  that  the  nitrogen  fixed  directly  by  micro- 
organisms living  in  the  soil,  as  observed  by  Berthelot,  should  be 
put  to  profit  as  readily  by  oats,  barley,  buckwheat,  etc.,  as  by 
leguminous  plants ;  yet,  in  point  of  fact,  the  cereal  grains  are  not 
seen  to  get  any  immediate  good  from  the  free  nitrogen  of  the  air, 
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while  luxuriant  crops  of  leguminous  plants  may  be  grown  by 
means  of  it,  thanks  to  the  bacteria  upon  their  roots. 
Increase  of  Fertility  on  Uncropped  Land, 
The  fixing  of  free  nitrogen  from  the  air  by  fungi,  of  whatever 
name,  evidently  throws  much  light  on  the  familiar  fact  that  land 
left  to  itself  in  a  state  of  nature,  often  increases  in  fertility  with 
the  course  of  years,  and  is  found  to  be  the  more  fertile  —  as  in 
the  forests  and  prairies  of  our  own  country  —  the  longer  it  has  re- 
mained uncultivated.  Excepting  arid  and  frozen  regions,  there 
may  be  seen  all  over  the  world  mountains  of  mere  rock,  whose 
sides  are  luxuriantly  clothed  with  vegetation,  barring  only  those 
spots  where  flowing  water  has  opportunity  to  sweep  the  ledges 
bare,  and  where,  from  the  nature  of  the  slope,  not  enough  mois- 
ture for  the  support  of  lai^e  plants  can  be  retained  in  the  soil. 
It  is  easy  enough  to  account  for  the  presence  of  the  non-nitro- 
genous constituents  of  the  mountain  soils  by  considering  how  the 
rocks  have  gradually  disintegrated  at  the  surface,  and  how  plants 
have  continually  grown  and  decayed  upon  these  soils  of  disin- 
tegration, but  it  was  not  easy  to  account  for  the  accumulation  of 
nitrogen  in  soils  in  such  situations  until  evidence  had  been  ad- 
duced that  something  in  or  upon  the  soil  has  power  to  fix  nitrogen 
from  the  air. 

CHAPTER  XVI. 

CARBONIC   ACID   AS   A   MANURE. 

The  importance  of  carbonic  acid  for  the  plant  has  been  stated  in 
some  part  in  an  earlier  chapter.  It  will  be  well,  however,  to  con- 
sider this  substance  further  as  if  it  were  a  manure,  and  to  inquire 
more  particularly  as  to  the  modes  of  its  action,  and  as  to  the  pos- 
sibility or  advisability  of  increasing  or  controlling  the  natural  sup- 
plies of  it. 

As  has  been  shown  already,  there  is  a  never- failing  supply  of 
carbonic  acid  in  the  atmosphere,  into  which  the  gas  is  constantly 
thrown  by  processes  of  combustion,  decay,  and  fermentation,  by 
the  respiration  of  animals,  and,  in  many  localities,  from  mineral 
springs,  volcanoes,  and  fissures  in  the  earth.  The  gas  is  found  in 
abundance  in  the  pores  of  the  soil,  also,  and  dissolved  in  the 
waters  of  the  rivers  and  ponds  of  those  regions  where  the  soils  are 
calcareous. 
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Atmospheric  Supply  of  Carbonic  Acid, 

As  is  now  well  known,  it  is  from  the  air  that  green  plants  get 
the  chief  part  of  the  carbon  which  is  contained  in  them ;  hence  it 
is  of  interest  to  reflect,  that,  although  the  proportion  of  carbonic 
acid  in  the  air  is  only  about  1  part  by  weight  in  2,000  parts  of 
air,  — or,  in  terms  of  volumes,  1  part  in  8,800  parts  of  air, — 
there  is  still  enough  of  the  gas  to  amount  to  three  or  four  trillions 
of  tons  in  the  whole,  or  to  some  28  tons  of  carbonic  acid  for  every 
acre  of  the  earth's  surface.  In  spite  of  the  enormous  quantities 
which  must  be  incessantly  consumed  by  vegetation,  as  is  indicated 
by  the  merest  glance  at  such  free-growing  plants  as  tobacco,  fod- 
der-corn, sunflowers,  or  the  eucalyptus  tree,  for  example,  there  is 
really  no  difficulty  in  conceiving  that  crops  are  abundantly  sup- 
plied with  this  form  of  food. 

According  to  Boussingault,  who  carefully  examined  a  whole 
coui-se  of  fleld  crops,  consisting  of  potatoes,  clover,  wheat  (and 
turnips),  and  oats,  some  1,500  lb.  of  carbon  were  produced  on  the 
average,  in  one  year,  by  the  crops  taken  from  an  acre  of  well- 
dunged  land.  Lawes  and  Gilbert  found  that  the  mixed  herbage 
of  an  old  mowing  field,  which  yielded,  without  manure,  2,700  lb. 
hay  to  the  acre,  or  one  long  ton  of  dry  substance,  must  have  as- 
similated from  the  air  as  much  as  900  lb.  of  carbon  to  the  acre. 
On  applying  to  this  land  a  mixture  of  ammonium  salts  and  ash- 
ingredients,  but  no  carbon,  the  crop  was  increased  to  7,000  lb.  of 
hay,  or  5,700  lb.  of  dry  substance,  so  that  as  much  as  2,280  lb. 
of  carbon  had  been  assimilated  from  the  air  in  this  case. 

In  like  manner  Chevandier  has  calculated Jthat  an  acre  of  thrifty 
beech-trees  may  assimilate  in  a  year  some  1,500  or.  1,600  lb.  of 
carbon,  or  say  8  tons  of  carbonic  acid.  Yet  so  large  is  the  amount 
of  carbonic  acid  in  the  air,  that  if  the  whole  earth  were  covered 
with  a  forest  of  the  kind  specified,  it  would  take  nine  years  for 
this  forest  to  consume  an  amount  of  carbonic  acid  equal  to  that 
now  actually  contained  in  the  air.  This  computation,  it  should  be 
said,  is  based  on  the  analyses  of  De  Saussure,  which  indicated 
that  the  air  contains  6  ten-thousandths  parts,  by  weight,  of  car- 
bonic acid,  whereas  more  recent  investigations  point  to  the  con- 
clusion that  the  number  6  twelve-thousandths  is  nearer  the  truth. 
Stirring  Action  of  Winds, 

It  has  been  shown,  by  numerous  analyses  made  in  different 
places,  and  at  different  times  in  one  and  the  same  place,  that  the 
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proportion  of  carbonic  acid  in  the  air  is  remarkably  constant. 
That  is  to  say,  the  variations  to  which  the  amount  of  the  gas  is 
subject  are  commonly  small.  Of  course  the  amount  of  carbonic 
acid  may  sometimes  be  increased  unduly  in  comparatively  small 
volumes  of  air,  as  when  a  forest  burns,  or  a  volcano  is  in  action, 
or  a  lime-kiln,  or  where  a  crowd  of  men  or  animals  are  congre- 
gated ;  but,  thanks  to  the  stirring  action  of  the  winds,  these  local 
variations  are  quickly  lost  in  the  great  ocean  of  air. 

The  ventilating  power  of  the  wind  is  something  enormous.  Air 
moving  no  faster  than  two  miles  an  hour,  which  is  almost  imper- 
ceptible, if  allowed  to  pass  freely  through  an  open  shed,  will 
change  the  air  of  the  place  528  times  in  an  hour.^  Hence,  having 
reganl  to  their  respective  requirements,  carbonic  acid  is,  to  all  in- 
tents and  purposes,  supplied  as  freely  to  plants  by  the  air  as  oxy- 
gen is  supplied  to  animals.  It  is  well  that  this  is  the  case,  for, 
practically  speaking,  it  would  not  be  an  easy  matter  to  control  the 
proportion  of  carbonic  acid  in  the  air.  In  the  culture  of  field 
crops,  at  least,  we  could  hardly  hope  to  be  able  to  alter  the  rela- 
tive proportions  of  the  ingredients  of  the  air,  as  we  can  and  do 
alter  those  of  the  soil. 

Enough  Carbonic  Acid  in  the  Air. 

It  does  not  appear,  for  that  matter,  that  there  would  be  much 
use  in  increasing  the  supply  of  carbonic  acid  in  the  air  under  the 
conditions  of  temperature  and  sunlight  which  now  prevail.  The 
experiments  of  Hellriegel  have  shown  that  an  artificial  supply  of 
carbonic  acid,  added  either  as  gas  in  the  air  or  as  a  solution  in  the 
soil,  had  no  effect  to  increase  the  yield  of  a  crop  of  barley,  or 
other  grain,  that  was  amply  supplied  with  all  other  kinds  of  food. 
Hellriegel  urges  that  the  atmospheric  supply  of  carbonic  acid  is 
probably  sufficient  for  the  production  of  a  maximum  crop  under 
all  circumstances. 

This  conclusion,  it  should  be  observed,  does  not  conflict  with 
the  results  of  experiments  in  which  carbonic  acid  water  has  been 
found  to  be  advantageous  for  plants  growing  in  poor  soils,  since 
in  this  case  the  useful  effect  is  to  be  attributed  to  the  solvent  ac- 
tion of  carbonic  acid  on  the  constituents  of  the  soil.  Hellriegel' s 
conclusion  has  been  arrived  at  by  Knop  also,  and  other  experi- 
menters operating  by  the  method  of  water-culture  and  upon  other 

1  For  a  detailed  ftetement  of  the  amonnte  of  carbonic  acid  which  may  be  brought  to  an 
acre  of  land  by  winds  of  varying  degree!  of  force,  see  "  How  Grope  Feed/'  page  220. 
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kinds  of  plants.  It  had  been  argued,  formerly,  of  woodland,  that 
tlie  increased  growth  obtained  by  thinning  out  some  trees  from 
dense  groves  might  be  due  to  a  larger  supply  of  carbonic  acid 
brought  to  the  trees  by  the  freer  circulation  of  the  au- ;  but  it  is 
to  be  presumed  that  the  observed  benefits  should  really  be  at- 
tributed to  the  facts,  that,  after  the  thinning,  the  trees  have  more 
room  to  grow  in,  and  that  more  light  now  falls  upon  their  leaves. 

In  corroboration  of  Hellriegers  observation,  it  is  to  be  noted 
that  in  the  experiments  of  Lawes  and  Gilbert,  where  field  crops 
of  wheat  were  grown  continually  during  more  than  40  years,  no 
beneficial  effect  resulted  from  the  use,  as  manure,  of  organic  mat- 
ter yielding  by  its  decomposition  carbonic  acid  (or  other  compound 
of  carbon)  within  the  soil;  whence  the  conclusion  again,  that  the 
wheat-plant,  when  properly  supplied  with  other  forms  of  food,  is 
practically  independent  of  any  supply  of  carbon  added  in  the  ma- 
nure. It  is  able  to  obtain  and  assimilate  from  the  atmosphere  all 
the  carbon  it  needs,  if  only  the  necessary  amounts  of  nitrogen  and 
of  mineral  ingredients  be  present  in  the  soil  in  available  form. 
Some  of  the  plots  devoted  to  wheat-growing  had  not  received  an 
ounce  of  carbon  in  the  fertilizers  during  the  whole  course  of  the 
experiment;  yet  it  appeared  that  in  the  course  of  37  years  the 
crop  dressed  with  purely  mineral  fertilizers  has  assimilated  about 
1 ,000  lb.  of  carbon  per  year  and  per  acre,  and  that  in  those  in- 
stances where  nitrogenous  fertilizers  were  used  in  conjunction  with 
the  minerals  an  average  of  3,500  lb.  of  carbon  were  harvested 
annually  from  each  acre  of  land,  although  no  carbonaceous  ma- 
nure had  been  applied. 

It  appeared  furthermore,  that  barley  and  grasses  were  equally 
independent,  with  wheat,  of  any  need  that  carbon  should  be  sup- 
plied by  means  of  decomposing  manure,  and  although  they  re- 
ported at  one  time  that  graminaceous  plants  <'  as  compared  with 
other  crops,  appear  to  be  most  stiikingly  independent  of  any 
artificial  carbonaceous  supply,"  and  were  led  to  infer  that  some 
of  their  root-crops  seemed  to  be  greatly  improved  by  a  supply  of 
carbon  from  organic  matter  decomposing  in  the  soil,  they  finally 
reported  that  "  with  sugar-beets,  larger  amounts  of  carbon  have 
been  annually  accumulated  without  the  supply  of  any  to  the  soil, 
but  under  the  influence  of  a  liberal  provision  of  both  nitrogenous 
and  mineral  manures,  than  by  either  wheat  or  barley." 

It  should  be  said,  however,  that  it  has  long  been  a  matter  of 
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belief  among  practical  men  that  turnips,  and  especially  rape,  do 
actually  feed  upon  organic  matters  in  the  soil ;  and  an  experiment 
of  Corenwinder  seemed  at  one  time  to  support  this  idea,  for  he 
found  that  sugar-beets  grew  much  larger,  during  the  later  period 
of  their  growth,  in  rich  mould  from  rotted  horse-dung,  than  in 
sand  free  from  organic  matter  that  was  fertilized  with  solutions  of 
chemicals. 

Do  RooUcrop8  need  Carbon  9 

As  regards  this  supposed  advantage,  to  root-crops,  of  organic 
manures,  it  needs  to  be  considered  that  while  some  kinds  of  plants 
assuredly  have  no  need  whatever  of  taking  any  organic  food  from 
the  soil,  there  are  other  plants  (fungi)  which  cannot  live  without 
such  food ;  and  that,  as  Sachs  has  suggested,  there  may  well  be 
intermediate  kinds  of  plants  which  can  put  to  profit  at  one  and 
the  same  time  both  carbonic  acid  and  the  carbonaceous  constitu- 
ents of  organic  matters.  It  is  well  enough  known  that  chlorophyl 
grains  are  not  wholly  absent  from  some  kinds  of  parasitic  plants 
and  of  some  plants  which  feed  chiefly  upon  humus,  and  it  is  to  be 
presumed  that  such  plants  may  decompose  carbonic  acid  by  means 
of  their  chlorophyl  at  the  same  time  they  are  feeding  on  the  sap  of 
the  plant  to  which  they  are  attached,  or  upon  the  humus  of  the 
soil. 

On  the  other  hand  it  is  manifest  that  all  plants  which  spring 
from  seeds  must  in  the  beginning  feed  upon  the  carbonaceous 
matters  of  the  seed,  until  such  time  as  chlorophyl  has  formed  in 
their  leaves,  and  there  is  no  improbability  that  certain  kinds  of 
agricultural  plants  may  continue  to  feed  in  some  part  on  the 
organic  matters  in  manure  or  in  vegetable  mould.  Gasparin  often 
dwelt  upon  the  sentiment  of  practical  men  that  carbonaceous  ma- 
nures are  specially  helpful  for  certain  kinds  of  plants  such  as 
beets  and  potatoes  and  grape-vines,  and  Deh^rain  has  put  upon 
record  his  own  belief  in  the  truth  of  this  idea.  He  argues  that  a 
part  of  the  organic  matter  in  soils  which  have  been  repeatedly 
dunged  probably  serves  as  direct  nutriment  for  the  sugar-beet  and 
for  some  other  kinds  of  plants,  notably  for  hemp,  maize  and 
clover ;  though  it  may  well  be  asked  in  all  these  instances  whether 
the  benefit  should  not  be  attributed  directly  to  the  nitrogen  con- 
tained in  the  manure,  since  there  are  several  reasons  for  believing 
that  root-crops  do  habitually  get  nitrogen  from  other  compounds 
of  this  element  beside  nitrates. 
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As  was  just  now  intimated,  it  is  by  no  means  impossible  that 
root-crops  may  put  to  profit  other  compounds  of  carbon  than  car- 
bonic acid,  obtainable  from  organic  matters ;  and  it  may  perhaps 
be  discovered  one  day  that  some  microscopic  organism  growing 
upon  the  roots  of  beets  or  turnips  may  have  been  the  cause  of  the 
improved  growth,  but  for  the  pi*esent  it  remains  to  be  shown 
whether  the  advantages  which  have  occasionally  been  derived  from 
applications  of  sawdust,  straw,  farmyard-manure  and  other  car- 
bonaceous matters  may  not  really  have  depended  on  the  fact  that 
these  materials  acted  as  a  mulch  to  increase  the  supply  of  water 
for  the  root-crop,  or,  upon  their  having  favored  the  growth  of  use- 
ful micro-organisms  and  so  increased  the  fertility  of  the  land.  In 
a  word,  while  it  is  not  impossible  that  the  root-crops  may  profit 
from  some  other  compound  of  carbon  than  carbonic  acid,  obtained 
from  organic  matters,-  it  would  seem  to  be  more  probable  that  the 
carbonaceous  manure  in  these  cases  may  have  acted  either  as  a 
mulch  to  increase  the  supply  of  water  for  the  root-crops,  or  have 
favored  the  growth  of  useful  microdemes,  and  so  increased  the 
fertility  of  the  land. 

Carbonic  Acid  given  off  from  the  Roots  of  Plants, 

Corenwinder  and  Knop  have  obseiTed  that  plants  upon  which 
they  experimented  by  way  of  water-culture  gave  off  very  consider- 
able quantities  of  carbonic  acid  from  their  roots ;  and  similar  ob- 
servations were  made  many  years  earlier  by  De  Saussure,  by 
Wiegmann  and  Polstoi-ff,  and  by  Boussingault.  This  evolution 
of  carbonic  acid  by  roots  is  manifestly  a  simple  consequence  of 
the  natural  "  respiration"  of  the  plant.  Cauvet  has  noticed  that 
bean-plants  evolve  much  more  carbonic  acid  from  their  roots  by 
day,  and  especially  before  noon,  when  the  plant  is  most  active, 
than  during  the  night,  when  the  plant  is  at  rest,  comparatively 
speaking.  In  Corenwinder' s  experiments  where  the  water  in  which 
the  plants  were  standing  was  kept  in  contact  with  air  to  which  a 
known  volume  of  carbonic  acid  gas  had  been  added,  it  appeared 
that,  far  from  any  reduction  of  the  amount  of  carbonic  acid  in  the 
air  and  in  the  water  having  occurred,  the  quantity  of  it  was  dis- 
tinctly increased  by  the  addition  of  that  thrown  off  by  the  roots. 
Plants  can  decompose  more  Carbonic  Acid  than  the  Air  svpplies. 

Although  it  has  been  satisfactorily  proved  that  well-fed  grain 
crops  derive  no  benefit  when  supplied  throughout  their  entire  term 
of  growth  with  more  carbonic  acid  than  they  would  naturally  find 
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in  the  air,  it  is  still  true  that  plants  can  decompose  a  considerably 
larger  proportion  of  carbonic  acid  than  is  usually  contained  in  the 
atmosphere. 

Godlewski  has  shown  that,  when  the  amount  of  carbonic  acid  in 
air  is  somewhat  increased,  plants  decompose  it  readily  up  to  a  cer- 
tain point  of  best  action.  But  when  a  still  larger  proportion  of 
carbonic  acid  is  presented  to  them,  it  is  hurtful,  and  their  power  of 
decomposing  the  gas  is  diminished.  In  the  case  of  the  grass  Gly- 
ceria  spectabilis,  he  found  the  best  action  on  clear  days,  when  the 
proportion  of  carbonic  acid  in  the  air  was  between  8  and  10  %  ; 
while  for  Typha  latif olia  the  best  action  occurred  when  the  propor- 
tion of  carbonic  acid  was  between  5  and  7  % ,  and  for  an  oleander 
the  best  proportion  seemed  to  be  still  lower.  He  found  in  general 
that  starch  formed  in  the  chlorophyl  grains  four  times  more  rapidly 
in  air  that  contained  6  or  8  ^  of  carbonic  acid,  than  in  air  which 
had  only  the  normal  amount  of  this  gas.  But  when  more  than 
8  ^  of  carbonic  acid  was  present,  the  formation  of  starch  was 
slower.  The  advantage  derived  from  an  increase  in  the  propor- 
tion of  carbonic  acid  was  the  more  marked  in  proportion  as  the 
light  was  stronger  to  which  the  plant  was  exposed. 

So,  too,  Schiitzenberger,  by  experimenting  with  the  water-pest, 
Elodea  canadensis,  in  ordinary  water  and  in  water  that  had  been 
mixed  with  carbonic-acid  water,  so  that  from  2^  to  40^  of  car- 
bonic acid  should  be  present,  found  that  up  to  a  certain  point  the 
plant  developed  oxygen  more  freely  according  as  more  carbonic 
acid  was  present,  but  that  too  lai^e  a  proportion  of  the  carbonic 
acid  was  injurious. 

Godlewski  found  that  the  decomposition  of  the  carbonic  acid 
was  favored  much  more  by  an  increase  in  the  proportion  of  it  be- 
low the  point  of  best  action,  than  it  was  hindered  by  a  similar  in- 
crease above  this  point.  So,  too,  in  proportion  as  the  light  was 
more  intense,  the  decomposition  of  carbonic  acid  was  the  more 
favored  by  an  increase  of  the  carbonic  acid  up  to  the  point  of 
maximum  action,  and  less  hindered  by  such  increase  beyond  this 
point.  The  more  carbonic  acid  the  air  contained,  so  much  the 
more  was  the  decomposition  of  it  promoted  by  an  increase  in  the 
intensity  of  the  light. 

Above  the  point  of  best  action,  the  decomposition  of  carbonic 
acid  by  leaves  diminishes  more  and  more  as  the  proportion  of  it  in 
the  air  is  increased,  until  in  pure  carbonic  acid  the  decomposition 
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becomes  bo  feeble  that  it  might  almost  be  said  to  cease  entirely. 
Some  slight  action  does  go  on,  however,  and  it  tends  to  increase 
when  the  experiment  is  persisted  in  for  some  little  time ;  for  the 
oxygen  which  results  from  the  slight  action  that  does  occur  is  of 
coarse  thrown  into  the  atmosphere  of  carbonic  acid  which  sur- 
rounds the  leaves,  and  so  gi*adually  weakens  it. 

The  hindrance  to  the  action  of  the  chlorophyl  grains  thus  caused 
by  pure  carbonic  acid,  or  by  any  undue  amount  of  it  in  the  air,  is 
thought  to  depend  upon  the  presence  of  too  dense  a  coating  of  it, 
caused  by  the  excessive  pressure  which  it  exerts  upon  the  leaves ; 
for  it  is  found,  when  this  pressure  is  removed  from  the  leaves,  that 
they  can  decompose  carbonic  acid  readily  enough,  even  when  it  is 
pure  and  not  admixed  with  any  other  gas.  Decomposition  sets  in 
at  once  when  the  atmosphere  of  pure  carbonic  acid  is  somewhat 
rarefied  by  means  of  an  air-pump.  So,  too,  when  pure  carbonic 
acid  is  diluted  by  being  mixed  with  an  inert  gas,  such  as  hydro- 
gen, oxygen,  nitrogen,  carbonic  oxide,  or  marsh-gas,  the  decom- 
position of  it  by  leaves  will  go  forward.  Conversely,  if  carbonic 
acid  is  mixed  with  an  inert  gas,  and  the  mixture  is  subjected  to 
pressure,  the  power  of  leaves  to  decompose  it  will  be  diminished. 
Boehm  found  that,  while  carbonic  acid  was  freely  decomposed  by 
leaves  in  a  mixture  of  equal  volumes  of  carbonic  acid, and  hydro- 
gen kept  at  the  ordinary  pressure  of  the  air,  the  decomposition 
was  reduced  to  a  minimum  when  the  mixture  of  gases  was  sub- 
jected to  a  pressure  of  rather  more  than  1 J  atmospheres. 
Plants  svfferfrom  an  Excess  of  Carbonic  Acid. 

Practically,  most  plants  cannot  long  support  lai^e  quantities  of 
carbonic  acid.  Boussingault  found  that  leaves  were  asphyxiated 
when  confined  for  some  time  in  the  dark,  in  an  atmosphere  either 
of  carbonic  acid,  nitrogen,  hydrogen  or  marsh  gas.  After  this 
treatment,  they  had  no  power  to  decompose  carbonic  acid  in  sun- 
light. By  the  long-continued  deprivation  of  oxygen,  the  leaves 
had  lost  their  power  of  respiring.  The  cells  within  them  had,  in 
fact,  been  killed.  Boehm  concluded,  from  his  experiments,  that 
more  than  2  9^  of  carbonic  acid  is  hurtful  to  plants,  and  that  20  ^ 
of  it  kills  them.  Davy,  in  his  day,  tattght  that,  while  many  plants 
will  continue  to  grow  for  some  time  in  air  that  contains  from  one- 
half  to  one-third  its  bulk  of  carbonic  acid,  they  are  not  so  healthy 
as  when  supplied  with  smaller  quantities  of  the  gas.  He  found 
that  some  few  plants  withstood  fairly  well  the  action  of  air  that 
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was  highly  charged  with  carbonic  acid,  and  that  one,  Arenaria 
tenuifolia,  was  capable  of  producing  oxygen  in  carbonic  acid  that 
was  almost  pure. 

Daubeny,  who  experimented  in  1848,  both  on  flowering  plants 
and  ferns,  found  that  the  plants  remained  to  all  appearance  unaf- 
fected for  a  fortnight  when  exposed  to  air  that  contained  from  5 
to  10  %  of  carbonic  acid.  A  few  of  the  ferns  began  to  suffer 
somewhat  at  the  end  of  a  month,  but  a  Pelargonium  bore  perfectly 
well  during  27  days  an  atmosphere  that  contained  10  ^  of  car- 
bonic acid.  When  exposed  at  once  to  air  that  contained  20  ^  of 
carbonic  acid,  many  plants  were  evidently  injured  even  in  2  or  3 
days,  or  certainly  in  8  or  10  days.  Even  when  added  gradually, 
20  ^o  o^  carbonic  acid  was  decidedly  injurious.  Thus,  on  keeping 
ferns  in  air  to  which  1  %  of  carbonic  acid  was  added  daily  until 
the  proportion  of  it  had  reached  20  % ,  and  maintaining  the  air  in 
this  state  for  another  term  of  20  days,  it  appeared  that  most  of  the 
plants  suffered  severely,  and  that  so  large  a  proportion  of  car- 
bonic acid  must  finally  have  proved  fatal  to  them. 

Twenty  per  cent  of  hydrogen,  on  the  contrary,  appeared  not  to 
exert  any  sensible  influence  upon  the  health  of  the  plants,  in  the 
course  of  ten  days.  Daubeny  found  in  these  experiments  that  the 
evolution  of  oxygen  from  the  plants  did  not  keep  pace  with  the 
increased  supply  of  carbonic  acid,  and  he  inferred  that,  when  the 
carbonic  acid  in  the  air  exceeds  a  certain  amount,  the  power  of 
leaves  to  decompose  it  is  in  a  great  degree  suspended. 

Several  species  of  ferns  kept  by  Daubeny  in  air  charged  with 
6  %  of  carbonic  acid  were  no  more  v^orous  after  1 1  weeks*  time 
than  similar  ferns  kept  in  ordinary  air.  But  on  watering  ferns 
with  Water  that  was  moderately  charged  with  carbonic  acid,  their 
growth  was  perceptibly  improved. 

An  Excess  of  Carbonic  Acid  may  do  Good. 

De  Saussure  long  ago  found  that  young  pea-plants  could  sup- 
port at  intervals  for  some  days  an  atmosphere  of  one-half  car- 
bonic acid ;  but  when  the  proportion  of  the  latter  was  increased 
to  two- thirds  or  more,  the  plants  soon  withered.  In  air  that  con- 
tained 8  ^  of  carbonic  acid  the  young  pea -plants  seemed  to  thrive 
better  than  in  ordinary  air,  so  long  as  they  were  exposed  to  sun- 
light ;  but  in  the  shade  this  amount  of  carbonic  acid  was  hurtful 
to  the  plants.  De  Saussure's  method  of  operating  in  these  experi- 
ments, where  carbonic  acid  seemed  to  favor  growth,  was  to  expose 
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the  plants  during  five  or  six  hours  daily,  or  as  long  as  sunlight 
was  to  be  had,  to  the  air  charged  with  carbonic  acid,  and  to  sup- 
ply the  plant  with  ordinary  air  during  the  remainder  of  the  day. 
These  results  manifestly  consist  with  those  of  Godlewski,  above 
cited,  both  as  regards  the  influence  of  strong  light  and  the  in- 
ci*eased  decomposition  when  more  carbonic  acid  than  usual  is 
present  in  the  air.  De  Saussure's  trials  lasted  during  ten  days  or 
so,  and  he  operated  upon  young  plants.  It  seems  not  at  all  im- 
probable that,  if  it  were  economically  possible  to  provide  an  extra 
supply  of  carbonic  acid  during  the  hours  of  sunlight  to  plants  at 
a  certain  stage  of  development,  it  might  be  advantageous  to  do  so 
as  a  means  of  securing  to  the  crop  a  good  start  in  life,  or  perhaps 
even  a  more  rapid  development  of  the  crop  during  the  earlier  stages 
of  its  growth,  although,  as  Hellriegel  has  shown,  there  may  not  be 
the  least  use  in  keeping  up  the  excess  of  carbonic  acid  after  the 
plants  have  once  been  well  grown  in  youth. 

Pfeffer  has  urged  as  a  general  proposition,  that  leaves  which  are 
well  lighted  and  exposed  to  ordinary  air  must  evidently  decompose 
less  carbonic  acid  than  they  are  capable  of  decomposing,  because, 
as  things  are  now,  this  gas  cannot  be  brought  to  them  rapidly 
enough  by  diffusion;  whereas,  if  the  proportion  of  carbonic  acid 
were  to  be  increased  within  favorable  limits,  as  in  the  experiments 
of  De  Saussure  and  Godlewski,  the  leaves  might  be  made  to  work 
to  the  utmost  limit  of  their  capacity. 

The  question  as  to  the  significance  of  a  larger  proportion  of 
carbonic  acid  than  now  exists  in  the  air,  is  one  of  great  general 
interest.  It  was  believed  at  one  time  that  the  presence  of  an  ex- 
cess of  carbonic  acid  in  the  atmosphere  of  early  geologic  periods 
must  have  had  an  important  Influence  on  the  growth  of  vegeta- 
tion. The  argument  was  that  if  the  earth  did  once  cool  down 
from  the  molten  condition,  it  is  a  not  unreasonable  supposition 
that  there  may  have  been  much  more  carbonic  acid  in  its  atmos- 
phere at  the  time  when  plants  began  to  grow  upon  the  cooled 
crust,  or  in  the  waters  upon  it,  than  there  is  in  the  air  now ;  for 
there  is  at  the  present  time  a  vast  amount  of  carbon  stored  up  as 
coal,  peat,  and  humus,  and  in  limestones  and  other  rocks,  which 
in  all  human  probability  originally  existed  in  the  form  of  carbonic 
acid  gas.  It  was  supposed  that  the  plants  of  those  days  were 
adapted  to  the  circumstances  which  surrounded  them,  that  they 
did  actually  decompose  carbonic  acid  more  rapidly  than  most  of 
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their  snccessors,  and  that  they  were  able  to  dispose  of  and  stow 
away,  as  it  were,  the  carbonaceous  compounds  which  resulted  from 
such  decomposition. 

An  objection  to  the  foregoing  view  is  found  in  the  fact  that 
ferns  and  other  plants  allied  to  those  of  the  coal-measures  cannot, 
as  we  know  them  to-day,  support  an  excess  of  carbonic  acid ;  and 
that  abundant  fossil  remains  of  air-breathing  animals  are  found 
lying  in  contact  with  the  coal.  It  has  been  suggested  indeed  by 
Hunt,  that  carbonic  acid  is  continually  passing  into  the  earth's 
atmosphere,  by  way  of  diffusion,  from  external  space,  to  make 
good  whatever  quantities  are  abstracted  from  the  air  by  plants  or 
by  disintegrating  minerals.  In  this  view,  the  stores  of  carbon  now 
upon  the  earth's  surface  have  accumulated  slowly,  and  at  all  times, 
rather  than  at  any  one  geological  epoch,  through  the  decomposi- 
tion of  highly  diluted  carbonic  acid,  as  at  the  present  day. 
Carbonic-odd  Water  a  Camer  of  Plant-food, 

Though  the  furnishing  of  carbonic  acid  to  the  soil  may  be  of  no 
direct  use  as  a  source  of  carbon  to  the  crop,  it  is  to  be  presumed 
that  when  held  in  combination  with  carbonate  of  lime  (or  with 
carbonate  of  magnesia) ,  as  it  is  in  many  soils,  it  may  act  to  dis- 
solve various  kinds  of  plant-food  and  to  make  them  available  for 
plants.  The  experiments  of  Beyer  have  shown  that  water  which 
contains  bicarbonate  of  lime  in  solution  is  a  more  powerful  solvent 
for  feldspar  than  mere  water  is,  and  it  is  to  be  inferred  that  in 
those  cases  where  the  presence  of  calcareous  matter  in  the  soil  per- 
mits of  the  retention  of  the  carbonic  acid  —  which  has  been  formed 
there  either  through  chemical  decomposition  of  organic  matters, 
or  by  the  action  of  micro-organisms  or  of  living  plants  —  it  may 
often  be  useful  as  a  means  of  supplying  ash-ingredients  to  crops. 

Pavesi  has  examined  pebbles  of  a  granitic  rock  taken  at  a  depth 
of  26  feet  from  a  moraine  near  Como  which  had  long  been  ex- 
posed to  the  action  of  soil- water  that  was  more  or  less  charged 
with  carbonic  acid.     He  found  :  — 

In  the  corroded  In  the  Nfttaral  Stone 

Rind  of  the  at  the  Centre  of  the 

Pebbles.  Pebblee. 

Matters  soluble  In  hydrochloric  add     96.54  25.60 

Carbonic  acid 2.43 

Oxide  of  iron 3.45  1.99 

Alumhia 66.91 

Lime 3.21 

99.79  100.14 

VOL.n-9 
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It  would  appear  that  in  this  case  silicates  of  alamina  and  lime 
had  been  gradually  changed  from  the  insoluble  condition  to  a  state 
of  comparatively  easy  solubility. 

R.  Miiller  digested  the  fine  powder  of  many  different  minerals 
—  feldspar  of  different  kinds,  hornblende,  magnetic  iron,  apatite 
of  several  varieties,  olivine,  and  serpentine  —  for  two  months  at  a 
time  in  carbonic-acid  water,  with  the  result  that  all  of  the  minerals 
were  more  or  less  decomposed.  The  quantities  of  matter  dis- 
solved by  the  carbonic  acid  ranged  from  0.307  ^  (magnetic  iron) 
to  2.111  %  (olivine  and  apatite),  and  consisted,  in  one  case  or 
another,  of  lime,  phosphoric  acid,  oxide  of  iron,  potash,  silica, 
magnesia,  and  even  alumina. 

Similar  results  were  obtained  by  Beyer  (Hoffmann's  Jahres- 
bericht,  1870-72,  I,  24),  who  caused  carbonic  acid  to  act  for 
long  periods  upon  powdered  feldspar  admixed  with  water  and  with 
various  saline  solutions.  The  results  of  such  action  are  conspicu- 
ous enough  in  many  mineral  springs  the  waters  of  which  are 
highly  charged  with  carbonates  of  the  alkalies,  and  alkaline  earths, 
thanks  to  the  action  of  carbonic-acid  water  upon  silicated  rocks 
and  minerals  in  the  bowels  of  the  earth. 

Action  of  Bicarbonate  of  Lime. 

Actually,  in  regions  where  limestone  prevails,  and  where  the 
soils  are  calcareous,  the  ground-water  usually  contains  very  con- 
siderable quantities  of  carbonic  acid  loosely  combined  with  car- 
bonate of  lime  to  form  a  soluble  sesqui-  or  bicarbonate  of  that 
base.  A.  Mayer  has  observed  that  deep-lying  ground-water  from 
the  neighborhood  of  Mannheim  in  Germany,  contains  on  the 
average  twice  as  much  carbonic  acid  as  of  lime.  That  is  to  say, 
while  bicarbonate  of  lime  should  contain  1.57  CO^  to  1  CaO 
(88  :  56),  the  waters  examined  by  Mayer  contained  from  1.57  to 
2.45  COs  to  1  of  CaO,  or  on  the  average,  2  parts  by  weight  of  car- 
bonic acid  to  1  part  of  lime,  as  was  just  now  said. 

The  fact  of  the  presence  of  the  supei*carbonate  of  lime  is  fam- 
iliarly illustrated  by  the  formation  of  stalactites  in  caves  and 
cellars  into  which  such  waters  drip.  The  water  on  coming  into 
contact  with  the  air  gives  up  a  part  of  the  carbonic  acid,  and  the 
carbonate  of  lime  which  the  acid  had  held  in  solution  is  deposited. 
The  waters  of  springs,  wells,  rivers,  and  ponds  in  such  regions 
are,  like  the  ground-water,  more  or  less  highly  charged  with  the 
supercarbonate  of  lime,  and  highly  favorable  influences  are  exerted 
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by  this  substance  both  for  the  formation  of  soils  and  of  mellow, 
fertile  hamus,  and  for  the  nitrification  of  manures  and  other  organic 
matters. 

LUtk  Carbonic  Acid  in  Pure  Water. 

But,  on  the  other  hand,  it  has  been  observed  that  the  water  in 
some  kinds  of  soils  contains  next  to  no  carbonic  acid,  and  it  is  to 
be  inferred  from  what  is  now  known  as  to  this  matter  that  the 
waters  of  non-calcareous  soils  in  humid  regions  will  usually  con- 
tain very  little  or  even  none  of  it.  As  to  rain-water,  Schloesing 
has  shown  that  only  some  traces  of  carbonic  acid  can  be  brought 
down  by  it  out  of  the  air,  for  many  experiments  have  proved  that 
the  solubility  of  carbonic  acid  in  water  is  such  that  any  given 
volume  of  water  saturated  with  the  gas  in  presence  of  the  at- 
mosphere and  under  the  normal  pressure  thereof  can  hold  in  solu- 
tion no  more  of  the  acid  than  is  contained  in  an  equal  volume  of 
atmospheric  air.  But  any  given  volume  of  air  contains  normally 
about  three  ten-thousandths  of  one  part  of  carbonic  acid,  and  a 
similar  volume  of  rain-water  could  at  the  best  contain  no  more 
than  this  quantity.  Buchanan  also  has  shown  by  direct  experi- 
ment that  pure  distilled  water  artificially  charged  with  carbonic 
acid  and  then  exposed  to  the  air  gives  off  the  whole  of  the  gas  in 
the  course  of  a  few  minutes,  and  there  is  every  reason  to  believe 
that  the  carbonic  acid  would  be  discharged  from  water  still  more 
quickly  if  the  solution  were  to  be  brought  into  intimate  contact 
with  solid  substances.  In  point  of  fact,  the  Dutch  chemist  Van 
den  Broek  observed  long  ago  that  wells  sunk  a  few  feet  in  the 
soil  of  gardens,  near  Utrecht,  contain  water  so  devoid  of  carbonic 
acid  that  they  give  no  precipitate  when  tested  with  lime-water, 
though  the  deeper  wells  of  the  same  region,  which  reach  into  the 
sandy  subsoil,  contain  large  quantities  of  carbonate  of  lime  dis- 
solved in  carbonic  acid. 

On  further  examination,  it  was  found  that  the  garden  soil  con- 
tained an  abundance  of  carbonic  acid  (in  its  interstices)  which 
could  be  removed  by  a  current  of  air.  Yet  a  column  of  the  earth 
20  inches  deep  by  3  inches  wide  gave  up  no  carbonic  acid  to  pure 
distilled  water  which  was  made  to  percolate  through  it.  More 
than  this,  a  quantity  of  water  that  had  been  artificially  charged 
with  its  own  volume  of  carbonic  acid  gave  up  this  carbonic  acid 
when  put  in  contact  with  the  soil. 
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Decomposition  of  Carbonic-Acid  Water  by  Solids. 

The  explanation  of  all  this  is  doubtless  to  be  sought  for  in  a 
peculiar  porosity  of  the  garden  soil,  which  permits  air  freely  to 
enter  it  and  pass  through  it.  It  is  a  well-known  fact  in  natural 
philosophy,  that  when  water  charged  with  carbonic  acid  (or  with 
any  other  gas,  for  that  matter)  comes  into  contact  with  solids 
which  have  been  exposed  to  the  air,  the  carbonic  acid  will  escape 
from  the  water  and  assume  the  gaseous  form.  The  appearance  of 
air-bubbles  on  the  sides  of  glasses  in  which  drinking-water  has 
been  left  standing  is  a  familiar  example  of  this  phenomenon. 
And  the  same  thing  may  be  shown  still  better  by  putting  a  bit  of 
bread  or  dry  peat  into  stale  beer  or  flat  soda-water.  In  general, 
the  rougher  and  more  porous  the  solid  is,  so  much  the  more  rapid 
will  be  the  evolution  of  the  gas. 

It  appears  that  the  carbonic  acid  originally  held  dissolved  in  the 
water,  or  the  beer,  diffuses  out  into  the  air  or  in  upon  the  solid ; 
and  that  it  diffuses  with  extreme  rapidity  when  brought  into  con- 
tact with  a  considerable  quantity  of  air  in  a  small  bulk,  like  that 
entangled  in  the  interstices  of  a  porous  solid,  or  that  which  clings 
to  the  surface  of  any  rough  body.  It  is  much  the  same  thing  as 
when  a  current  of  air  is  made  to  bubble  through  a  solution  of  car- 
bonic acid,  or  of  any  other  gas,  whereby  the  carbonic  acid,  or 
what  not,  is  rapidly  carried  away.  Angus  Smith  found  that  '^ni- 
trogen and  hydrogen,  when  absorbed  by  charcoal,  diffuse  into  the 
atmosphere  of  another  gas  with  such  force  as  to  depress  a  column 
of  mercury  three-quarters  of  an  inch." 

It  is  to  be  inferred  that,  in  the  absence  of  carbonate  of  lime, 
any  porous  soil  Will  naturally  act  to  set  free  carbonic  acid  which 
may  be  contained  in  the  water  which  comes  in  contact  with  the 
soil ;  and  it  is  probably  true  in  general  that  soils  as  such  tend  to 
set  free  carbonic  acid  from  the  waters  which  moisten  them.  More- 
over, when  moving  water  strikes  against,  or  falls  upon,  rocks  or 
gravel,  some  carbonic  acid  will  doubtless  escape  from  it,  in  case 
any  were  contained  in  it.  But,  taking  the  world  through,  there 
are  practically  so  many  calcareous  soils  that  the  fact  remains  that, 
because  of  the  presence  in  them  of  the  calcareous  matter,  most 
ground-waters  contain  more  or  less  carbonic  acid,  and  that  they 
act  chemically  in  accordance  with  this  composition. 

Another  point  to  be  remembered  is,  that,  even  when  the  car- 
bonic acid  escapes  from  the  ground-water,  it  does  not  necessarily 
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escape  oat  of  the  soil.  Some  of  it  will  remain  clinging  to  the 
particles  of  earth,  and  if  there  be  anything  in  the  earth  for  which 
carbonic  acid  has  an  affinity,  it  will  be  likely  to  unite  therewith  in 
spite  of  its  adhesion  to  the  soil.  Indeed,  it  is  not  impossible  that 
this  very  adhesion  may  increase  the  chemical  action,  and  accelerate 
the  union  of  carbonic  acid  with  the  inorganic  ingredients  of  the 
soil. 

Carbonic  Acid  in  Oround-air. 

It  is  a  fact  that  the  air  in  the  interstices  of  most  soils  contains 
very  much  more  carbonic  acid  than  ordinary  atmospheric  air.  Bous- 
singault  and  Lewy,  who  studied  this  point  long  ago,  found  the 
soil-air  to  be  from  10  to  400  times  richer  in  carbonic  acid  than 
atmospheric  air,  as  has  been  set  forth  in  tabular  statements  on 
pages  139  and  219  of  Johnson's  "How  Crops  Feed." 

In  air  from  sandy  soils  that  contained  but  little  decomposing 
organic  matter,  the  proportion  of  carbonic  acid  was  found  to  be 
only  about  1 0  times  greater  than  that  in  an  equal  bulk  of  the  at- 
mosphere. The  propoilion  of  carbonic  acid  in  the  air  from  loamy 
and  clayey  soils  was  still  comparatively  small  (som^  80  or  40 
times  as  much  as  in  atmospheric  air),  while  in  the  air  from  the 
soil  of  manured  fields,  and  from  compost-heaps,  the  quantity  of 
carbonic  acid  was  very  large.  It  appears  clearly  from  these  re- 
searches, that  very  large  quantities  of  carbonic  acid  are  formed 
within  the  soil  from  the  decomposition  of  manures,  and  of  the 
roots  and  stubble  of  previous  crops.  By  the  application  of  peat 
also,  or  of  composts  in  which  peat  is  a  principal  ingredient,  large 
quantities  of  carbonic  acid  are  furnished  to  the  soil. 
Carbonic  Acid  may  Improve  Tilth. 

As  will  be  explained  in  the  chapters  on  Lime  and  on  Sodium 
Compounds,  the  solution  of  carbonic  acid  which  is  found  in  so 
many  soils  may  exert  no  inconsiderable  influence  to  improve  the 
permeability  and  consequently  the  fertility  of  a  soil  by  flocculat- 
ing fine  particles  of  clay  which  would  clog  the  pores  of  the  soil  if 
once  they  were  to  be  permitted  to  become  puddled  in  it  through 
the  action  of  rain-water.  In  this  x>oint  of  view,  it  has  been  sug- 
gested that  some  part  of  the  utility  of  humus  in  heavy  soils  may 
depend  on  flocculation  brought  about  by  the  action  of  the  carbonic 
acid  which  is  formed  continually  in  the  soil  through  the  decay  of 
the  humus. 


134  AGRICULTURE. 

Disintegration  by  Carbonic  Acid, 
It  is  obvious  that  the  carbonic  acid  thus  supplied  to  soils  must 
play  a  very  important  part  in  disintegrating  and  dissolving  the 
components  of  the  soil.  Some  experiments  of  the  German  chem- 
ists Stoeckhardt  and  Peters  bear  upon  this  point.  They  filled  sev- 
eral tall  glass  jars  (2^  feet  high  by  5}  inches  wide)  with  a  rather 
poor  loamy  soil,  containing  considerable  humus,  and  they  planted 
in  each  jar  an  equal  number  of  seeds  of  peas  and  oats.  Jar  No. 
1  was  left  to  itself ;  that  is  to  say,  it  was  merely  watered.  Through 
the  earth  of  jar  No.  2  about  3^  pints  of  air  were  blown  daily 
through  a  tube  that  reached  to  the  bottom  of  the  jar. 

Through  the  earth  of  a  third  jar  the  same  bulk  of  a  mixture  of 
air  and  i  carbonic  acid  was  forced,  while  through  the  earth  of  a 
fourth  jar  there  was  forced  daily  a  mixture  of  J  carbonic  acid,  J 
oxygen,  and  ^  air.  After  three  months  and  a  half  the  crops  were 
harvested,  dried  thoroughly,  and  weighed.  Their  weights  are 
given  in  grams  in  the  following  table : 

I.  n.        III.        IV. 

Oats 3.90        7.65        8.49       6.11 

Peas 1.72        2.46        8.26        3.49 

Roots  of  both 0.27        0.38        0.60       0.37 

Total  dry  matter 6.89      10.49      12.36       8.97 

Ash-ingredlents 0.62        0.95        1.12        1.01 

If  crop  No.  I  equals  1»  then      .    .    1.0         1.8         2.1         1.6 

On  examining  the  several  soils  after  harvest,  it  was  found  that 
a  considerably  larger  proportion  of  mineral  and  organic  matters 
had  become  soluble  in  water  in  jars  Nos.  2,  3,  and  4  than  in  jar 
No.  1 .  From  6,000  grm.  of  soil,  the  amounts  of  matter  dissolved 
by  water  were  as  follows :  — 

I.  II.        III.        rv. 

Mineral  matters,  grams  ....    2.04       3.71       4.99       3.91 
Organio        "  "       .    .    .    .    2.76        4.32        2.43        3.14 

Carbonic  Acid  occluded  by  Soils. 
Beside  the  carbonic  acid  in  ground-air,  properly  so  called,  very 
considerable  quantities  of  this  substance  are  occluded  in  the  actual 
earth ;  i.  e.  some  carbonic  acid  and  other  gases  are  held  so  strongly 
in  the  soil  that  they  cannot  escape  therefrom,  either  at  the  ordinary 
temperature  of  the  air  or  even  at  the  temperature  of  boiling  water. 
By  heating  various  soils  to  284''  F.,  Reichardt  and  his  pupils  have 
obtained  results  such  as  the  following :  — 
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Gai  eiTen      The  Qna  contained  Per 
From  100  Grama  of  off,  in  Gent  of 

C.C.  CO3  N  O 

A  damp  garden-loam 13.7  24.1  64.3  2.9 

Air-dried  garden-loam    ....  38.3  33.3  64.7  2.0 

Peat 162.6  51.0  44.4  4.6 

Hydrated  oxide  of  iron  (air-dried)  586.7  68.2  26.1  5.7 

Clay 32.9  14.5  64.7  20.8 

Clay  after  long  exposure  to  the  air  25.6  25.1  70.2  4.7 

Powdered  gypsum 17.3  0.0  81.0  19.0 

Pine  charcoal 164.2  .  .  .  100.0 

Poplar    "          467.0  16.5  83.6  0.0 

Bone       '<          84.4  45.8  54.2  0.0 

This  power  of  the  soil  to  occlude  carbonic  acid  and  other  gases 
is  merely  a  particular  instance  of  a  general  law  which  has  long 
been  recognized  as  regards  charcoal  and  has  latterly  been  found 
to  be  true  of  all  solid  substances.*  The  power  of  iron  oxide  to 
occlude  carbonic  acid  is  so  well  marked  that  it  has  been  said  that 
the  amount  of  this  gas  occluded  by  a  soil  is  proportional  to  the 
amount  of  iron  contained  in  it. 

Modes  of  Action  of  Carbonic  Acid  in  the  Soil, 

As  for  the  mode  of  action  of  carbonic-acid  water  in  the  soil,  it 
dissolves  some  carbonates  directly,  such  as  carbonate  of  lime  and 
carbonate  of  magnesia.  From  silicates,  it  dissolves  out  potash, 
soda,  lime,  and  magnesia,  since  it  is  a  more  powerful  acid  than 
silica  is  at  the  ordinary  temperature  of  the  soil.  As  was  stated 
before,  it  is  easy  to  test  this  action  by  passing  carbonic-acid  gas 
through  water  that  is  made  to  hold  in  suspension  almost  any  finely 
powdered  mineral.  Considerable  quantities  of  potash,  soda,  lime, 
and  magnesia  may  soon  be  found  dissolved  in  the  liquid.  When 
made  to  act  upon  phosphate  of  lime,  carbonic  acid  gradually  re- 
moves lime,  so  that  finally  some  soluble  acid  phosphate  of  lime  is 
formed. 

Little  is  known,  as  yet,  as  to  the  precise  significance  of  the  car- 
bonic acid  which  is  given  off  from  the  roots  of  growing  plants, 
though  there  can  be  no  question  that  the  fact  is  one  of  much  im- 
portance. Inasmuch  as  this  carbonic  acid  can  hardly  fail  to  act 
upon  matters  in  the  soil  to  dissolve  them,  it  would  seem  to  follow 
that,  in  humid  climates,  there  may  often  be  as  much,  or  perhaps 
more,  disintegrating  of  rocky  materials  in  a  field  kept  covered 
with  vegetation  than  if  the  field  were  left  to  lie  naked  and  fallow ; 


t  Compare  How  Crops  Feed,  p.  160. 


136  AGEICULTURB. 

not  to  speak,  for  the  moment,  of  the  action  of  acids  other  than 
carbonic  which  are  exuded  or  excluded  by  the  roots  of  plants. 
Carbonic  Acid  a  Result  of  Ferment  Action. 

But,  on  the  other  hand,  there  are  cases  where  the  foi-mation  of 
carbonic  acid  in  the  soil  probably  depends  more  intimately  upon 
fermentations  due  to  the  presence  of  micro-organisms  than  on  the 
action  of  the  roots  of  plants.  I  have  myself  found  that  very  con- 
siderable quantities  of  bi-carbonate  of  lime  are  formed  in  air>dried 
soils, ^  probably  by  the  action  of  micro-organisms  acting  at  once 
on  oi^anic  matters  and  on  insoluble  lime-compounds  in  the  soil, 
such  as  silicates,  humates,  phosphates,  etc. ;  and  there  are  good 
reasons  for  believing  that  long-continued  droughts  may  be  useful 
in  some  cases  by  promoting  peculiar  kinds  of  fermentations  in  the 
soil  whereby  disintegration  may  become  more  rapid  than  would 
otherwise  be  the  case  and  large  quantities  of  carbonic  acid  be  pro- 
duced incidentally. 

In  confirmation  of  this  view,  it  may  here  be  mentioned  that 
Hilgard  has  insisted  that,  although  —  as  a  consequence  of  the 
leaching  action  of  rains  —  it  is  true,  as  a  general  rule,  that  "  each 
subsoil  is  a  little  richer  in  lime- carbonate  than  its  surface  soil," 
the  latter  may  nevertheless  —  at  the  end  of  the  dry  season  —  be 
found  to  contain  more  actual  carbonate  of  lime  than  the  subsoil, 
though  during  the  following  winter  or  rainy  season  the  carbonate 
will  be  washed  down  into  the  subsoil  so  completely  that  in  humid 
climates  it  may  in  the  spring  be  almost  wholly  absent  from  the 
surface  soil.  "  It  follows  that  in  arid  climates,  in  which  the  rain- 
fall is  insufficient  to  leach  the  soil  even  of  its  very  easily  soluble 
alkali  salts,  the  lime  carbonate  must  of  necessity  accumulate  to 
even  a  greater  extent  than  the  alkali  salts.  We  should  therefore 
expect  to  find  the  soils  of  the  region  west  of  the  100th  meridian 
in  the  United  States,  and  generally  those  of  arid  regions  every- 
where, richer  in  lime  than  those  of  the  humid  regions."  In  point  of 
fact,  it  appears  on  comparing  many  analyses  of  good  non-calcare- 
ous soils,  that  while  the  soils  of  arid  regions  contain  on  the  aver- 
age something  like  1.862  %  of  lime,  those  of  humid  regions  contain 
no  more  than  about  0.108  %. 

Wollny,  in  experiments  lasting  from  May  to  October,  found  in 
air  taken  from  the  soil  at  a  depth  of  10  inches  beneath  grass-sod, 
4.4  ^  less  carbonic  acid  on  the  average  than  was  contained  in  air 

>  See  BaUetin  of  the  Bnsaey  Instltatlon,  1878,  U,  196. 
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taken  at  the  same  depth  from  beneath  bare  land,  and  3.4  leee  than 
was  taken  from  land  whose  surface  had  been  kept  shaded  by  a 
covering  of  straw.  In  general  he  found  less  carbonic  acid  in  the  air 
of  the  soil  in  proportion  as  the  surface  of  the  soil  was  more  thickly 
covered  with  vegetation.  In  some  experiments,  however,  that 
were  made  in  November,  March,  and  April,  i.  e.  at  a  colder  time 
of  year,  more  carbonic  acid  was  found  in  the  air  of  the  soil  that 
was  covered  with  grass  than  in  the  air  of  the  bare  land. 


CHAPTER  XVn. 

GREEN  MANURING. 

Many  substances  employed  as  fertilizers  produce  such  large 
quantities  of  carbonic  acid  in  the  soil  that  it  is  but  natural  to  ask 
whether  some  part  of  their  utility  may  not  be  due  to  this  peculiar- 
ity. Farmyard-manure,  for  example,  as  well  as  composts,  leaves, 
straw,  and  seaweeds,  are  comprised  in  this  category;  and  es- 
pecially the  method  of  fertilization  known  as  green  manuring. 

For  warm  or  temperate  climates,  it  is  a  commonly  accepted 
opinion,  that,  if  time  enough  be  allowed,  almost  any  land  not  ab- 
solutely arid  or  poisonous  can  be  made  fertile  by  persistently  sow- 
ing upon  it  lupines,  vetches,  cow-peas,  or  clover  of  one  kind  or 
another,  and  ploughing  in  the  green  crop  before  it  has  come  to 
maturity. 

This  method  of  green  manuring,  as  it  is  called,  is  a  singularly 
philosophical  method.  As  a  mere  matter  of  reasoning,  or  of 
reasonableness,  it  will  well  repay  a  careful  examination.  In  the 
first  place,  the  seeds  of  plants  are  sown,  which,  like  peas  or  clover 
or  lupines,  have  a  peculiar  faculty  for  profiting  by  food  taken  from 
the  air;  or  plants  are  chosen  which,  like  the  lupine,  or  like  buck- 
wheat or  rye,  have  the  power  of  extracting  nourishment  from  the 
earth  even  under  very  unfavorable  conditions.  These  plants  are 
allowed  to  grow  until  they  have  gathered  from  the  soil  almost  the 
whole  of  the  matters  which  they  are  capable  of  gathering ;  that  is 
to  say,  the  plants  are  left  until  they  are  in  flower,  and  then  they 
are  ploughed  under.  By  operating  in  this  way,  the  land  is  ma- 
nured with  everything  that  the  plants  have  accumulated,  either 
from  the  air,  or  from  the  soil,  or  from  the  waters  in  the  soil ;  and 
there  is  placed  within  the  land  a  mass  of  soft,  fresh,  succulent 
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organic  matter,  which  speedily  enters  into  fermentation,  and 
causes  the  soil  to  ferment  also,  while  enormous  quantities  of  car- 
bonic acid  are  given  off  to  disintegrate  and  dissolve  the  com- 
ponents of  the  crude  soil. 

The  process  is  manifestly  akin  to  the  method  of  concentration 
by  which  fertile  loams  have  been  accumulated  naturally  on  the 
earth's  surface,  for  the  roots  of  plants  work  continually  to  bring 
up  plant-food  from  the  subsoil,  while  some  of  them  take  in  food 
from  the  air,  and  this  food  is  deposited,  in  easily  assimilable 
forms,  on  the  surface  of  the  land  by  the  leaves  that  fall  and  by 
the  plants  when  they  decay. 

Humus  itself  is  Important. 

The  organic  matter  thus  incorporated  with  the  soil  will  furnish 
an  abundant  supply  of  humus  for  absorbing  and  holding  moisture, 
for  supplying  nitrogen,  for  encouraging  useful  fermentations,  and 
for  improving  the  texture  of  the  land.  Hence  it  happens  that, 
by  means  of  this  system  of  green  manuring,  many  a  leachy,  hun- 
gry soil  may,  with  comparatively  little  trouble,  be  made  capable  of 
retaining  water  and  manure,  and  so  of  supporting  crops.  By  cul- 
tivating the  white  lupine  to  this  end,  it  has  been  found  possible  in 
Saxony  to  cover  mere  drifting  sands  with  useful  vegetation. 

Instances  are  not  wanting  in  agricultural  practice  of  fairly  fer- 
tile soils  which  consist  naturally  of  no  more  than  a  small  propor- 
tion of  humus  admixed  with  mere  sand.  Boussingault  noticed  in 
South  America  a  very  fertile  soil  that  was  composed  of  92  %  of 
sand  admixed  with  leaf-mould.  It  is  said  that  in  Belgium  many 
instances  occur  where  arid  sands  have  been  made  fertile  by  con- 
tinually applying  to  them  street-sweepings  and  stable-manure.  In 
such  cases,  the  humus  appears  to  act  very  much  in  the  same  way 
that  clay  would  act  to  improve  the  physical  texture  of  the  soil,  and 
so  enable  it  to  hold  water  and  fertilizing  matters. 

Generally  speaking,  green  manuring  is  practised  on  poor,  thin 
soils,  notably  upon  such  as  have  become  hard  and  out  of  con- 
dition, and  it  is  perhaps  the  readiest  means  of  bringing  such  land 
into  a  proper  state  of  fermentation ;  but  it  is  said  that  even  heavy 
clays  have  often  been  benefited  by  green  manuring,  in  that  the  in- 
troduction of  organic  matter  has  made  the  clay  less  adhesive  and 
sticky  than  it  was  before,  and  better  fitted  to  support  the  opera- 
tions of  tillage. 
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Plants  used  in  Chreen  Manuring. 

Among  the  plants  which  have  served  for  green  manuring  the 
Inpine  is  perhaps  the  most  conspicuous,  though  in  modem  times 
cow-peas,  rye  and  buckwheat  are  often  used.  According  to 
Pliny,  the  ancient  Romans  sowed  lupines  in  September  and 
ploughed  under  the  green  plants  in  the  following  May ;  or,  some- 
times, they  mowed  the  crop  and  carried  it  to  be  buried  at  the  foot 
of  fruit-trees  or  of  grape-vines.  In  Italy,  and  other  southern 
countries,  the  horse-bean,  like  the  lupine,  has  often  been  used  as 
green  manure.  Other  plants  that  are  sometimes  ploughed  un- 
der are  turnips,  sown  thick,  white  mustard,  Indian  corn,  sown 
thick,  and  peas.  In  the  words  of  an  English  farmer,  '*  Mustard, 
or  any  plant  of  rapid  growth  which  attains  a  smothering  bulk,  the 
seed  of  which  costs  but  little  per  acre,  is  well  fitted  for  being 
ploughed  in  as  green  manure,  especially  when  it  is  an  object  to 
clean  the  land  as  well  as  to  fertilize  it."  In  some  of  our  south- 
em  states,  a  kind  of  bean  called  the  cow-pea  is  used  largely,  as 
vetches  are  in  some  parts  of  Europe. 

In  certain  districts  in  Italy  it  has  long  been  customary  to  fer- 
tilize the  hemp-crop  by  means  of  a  green  manuring  with  horse- 
beans,  which  are  forced  with  stable-manure  and  plowed  under 
when  they  are  in  flower,  at  the  moment  when  the  land  is  made 
ready  for  the  hemp.  In  this  case,  the  bean-plants  are  reckoned  as 
equal  to  half  a  manuring  with  farmyard-manure,  and  it  is  a  tra- 
ditional belief  that  particularly  good  hemp  can  be  obtained  in  this 
way.  The  bean  is  chosen  in  this  instance  because  it  will  grow  on 
soils  where  lupines  could  not  be  grown  with  success. 

As  a  foreranner  of  wheat,  also,  beans  may  be  sown  in  that 
country,  on  moist  land,  either  in  August  or  October,  according  as 
they  are  to  be  ploughed  under  before  sowing  wheat  upon  them  in 
the  autumn  or  before  sowing  spring  wheat.  On  dry  land,  the 
beans  are  usually  sown  in  October  and  ploughed  under  as  a 
preparation  for  spring  crops,  though  one  plan  is  to  sow  another 
crop  of  beans  in  the  spring  —  between  the  rows  of  those  sown  in 
the  autumn  —  at  the  time  when  the  latter  are  hoed,  and  to  harvest 
the  seeds  of  the  older  crop  and  then  to  plough  under  the  spring- 
sown  plants. 

It  will  be  noticed  in  respect  to  beans  And  to  other  leguminous 
plants  that  much  which  has  been  said  in  the  chapter  on  Symbiosis 
of  the  power  of  clover,  lupines  and  the  like  to  procure  nitrogen 
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from  the  air  will  apply  very  forcibly  to  the  practice  of  green  ma- 
nuring, in  BO  far  as  such  plants  are  concerned  in  it.  As  Gasparin 
insisted  half  a  century  ago,  the  leguminous  crops  are  intrinsically 
superior  to  all  others  for  the  purpose  of  green  manuring,  because 
they  bring  in  much  plant-food  from  the  air  and  do  not  need  to  be 
heavily  manured  beforehand.  The  chief  trouble  is,  as  he  says, 
the  cost  of  their  seeds.  This  view  has  been  not  a  little  strength- 
ened, of  course,  by  the  discovery  of  the  nitrogen-bringing  power 
of  the  nodules  on  the  roots  of  leguminous  plants,  but  it  still  re- 
mains time  that  there  may  sometimes  be  good  reasons  for  choos- 
ing plants  such  as  rye,  buckwheat,  mustard,  turnips  or  (especially) 
vetches,  which  vegetate  rapidly  and  which  can  be  grown  late  in 
the  summer  or  early  in  the  autumn,  after  the  crop  proper  to  the 
field  and  the  year  has  been  harvested.  These  plants  occupy  the 
iand  only  a  comparatively  short  time,  when  it  would  otherwise  be 
left  bare,  and  they  take  up  from  the  soil  very  considerable  quan- 
tities of  nitrates  which  might  have  been  leached  out  from  the  land 
by  the  autumnal  rains. 

In  the  mild  climate  of  France,  on  soils  that  are  not  too  stiff, 
vetches  sown  in  August  are  sometimes  left  standing  until  the  next 
spring,  when  they  are  ploughed  under  early  enough  not  to  inter- 
fere with  the  sowing  of  sugar-beets  in  April.  If  the  weather  con- 
tinues to  be  open  the  vetches  will  not  cease  to  grow  during  the 
winter.     (Deh^rain.) 

In  Central  Europe,  it  is  said  to  be  well  to  sow  these  stolen  crops 
immediately  after  the  grain  harvest,  for,  in  spite  of  hot  weather, 
the  surface  soil  is  then  mellow  and  somewhat  moist,  and  the  con- 
ditions are  not  unfavorable  for  germination.  Sometimes  it  may 
be  better  yet  to  sow  the  green-crop  upon  the  grain  in  the  spring, 
and  BO  gain  time  for  the  better  development  of  the  plants.  Ex- 
periments made  in  Germany  by  Strebel  indicated  that  vetches 
sown  on  a  loamy  soil  after  grain  as  a  stubble-crop  produced  a 
larger  crop,  i.  e.  more  dry  matter,  than  peas  or  lupines,  or  than 
clovers  of  various  sorts.  The  yield  of  oats  on  the  land  where 
these  crops  had  been  ploughed  under  was  increased  in  every  in- 
stance, but  to  a  profitable  degree  only  after  the  vetches  and  the 
peas.  But  on  the  other  hand  —  thanks  to  peculiarly  good  climatic 
conditions  —  decidedly  better  results  were  got  from  Swedish 
clover,  hop-clover  and  serradella  that  had  been  sown  upon  wheat 
or  rye.     Here  the  yield  of  oats  was  largely  increased.     It  was 
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noticed  that  both  the  clovers,  growing  under  the  grain,  produced 
roots,  and  nitrogen  in  the  roots,  more  freely  than  they  produced 
leaves  and  stalks,  though  the  serradella  yielded  more  leaves  than 
roots. 

Some  writers  on  green  manuring  have  urged  that  the  plants 
suitable  for  this  purpose  may  properly  be  divided  into  two  classes, 
according  as  they  are  to  be  ploughed  under  in  late  summer  or 
early  autumn,  as  a  manuring  for  winter  grain,  or  to  be  turned 
under  in  the  spring  to  serve  for  fertilizing  a  crop  of  Indian  com, 
or  of  potatoes  or  roots.  In  climates  like  that  of  New  England 
rye  will  naturally  fall  into  the  second  category,  while  old  grass  or 
clover  sod  may  belong  to  either  class.  Buckwheat,  mustard, etc., 
wiU  belong  to  the  first  class. 

In  one  sensBy  Oreen  Manuring  is  a  Common  Practice. 

It  is  evident  that  green  manuring  may  sometimes  be  at  its  best 
when  obtained  incidentally  by  ploughing  under  the  roots  and 
stubble,  or  afteimath,  of  a  useful  crop,  such  as  hay  or  clover  or 
lupines,  for  in  this  event  there  will  be  no  necessity  to  sacrifice  a 
standing  crop  or  to  give  up  the  use  of  the  land  during  an  entire 
season  for  the  sake  of  charging  the  soil  with  vegetable  matter.  In 
this  way,  frequent  use  may  be  made  of  the  process  and  all  of  its 
advantages  be  realized  at  comparatively  small  cost.  It  is  note- 
worthy that  this  form  of  green  manuring  prevails  generally  upon 
the  thin  soils  of  New  England  where  hay  is  the  staple  crop.  For 
whenever  the  sod  of  old  grass-land  is  ploughed  under,  the  land 
gets  the  benefit  of  what  is  really  a  green  manuring  of  considerable 
strength. 

Throughout  the  Eastern  States,  and  even  in  the  immediate  vicin- 
ity of  Boston,  the  farmers  generally  keep  most  of  their  land  in 
grass  as  long  as  the  yield  of  hay  continues  to  be  fairly  remunera- 
tive, and  they  count  upon  the  old  sod  as  a  source  of  nutriment 
for  subsequent  crops. 

One  way  of  proceeding  is  to  turn  the  sod  under  with  the  plough- 
share, and  to  harrow  in  rye  without  adding  any  manure.  Here 
the  case  is  one  of  green  manuring  pure  and  simple.  After  the  rye 
has  been  harvested  its  stubble  is  ploughed  in,  and  the  next  year 
the  land  is  planted  with  potatoes  or  com  or  ix>ot8, — with  addition 
of  barnyard-manure,  —  as  a  preparation  for  laying  the  land  down 
again  to  grass.  The  old  sod  is  found  to  be  thoroughly  rotten  and 
friable  when  the  rye-stubble  is  turned  in. 
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There  are  of  course  several  other  ways  of  dealing  with  the  in- 
verted sod.  Some  farmers  plough  it  under  in  the  spring,  and 
plant  potatoes  upon  it  in  the  first  year,  or  maize ;  others  plough 
in  August  or  September,  and  sow  grass-seed  at  once,  as  soon  as 
the  old  sod  has  been  turned  under.  The  rye  method  has  been 
mentioned  particularly,  because  it  seems  to  be  specially  philo- 
sophical. Formerly,  when  it  was  customaiy  in  New  England  to 
grow  late-ripening  varieties  of  the  potato,  it  was  thought  by  some 
farmers  to  be  good  practice  to  allow  the  grass  to  get  well  started 
in  the  spring  on  sod-land,  which  was  to  be  planted  with  potatoes 
BO  that  the  crop  might  be  helped  by  the  heat  developed  by  the 
fermentation  of  the  grass-sods. 

Maize  on  Sod-land, 

So,  too,  in  respect  to  Indian  com,  there  is  a  reason  why  this 
crop  is  specially  weU  fitted  to  be  grown  on  sod-land.  Since  corn 
needs  to  be  planted  rather  late  here  in  New  England,  the  sod-land 
can  be  left  unploughed  until  the  grass  has  sprung  up  and  has 
covered  the  land  with  a  green  crop ;  and  when  the  green  sod  is 
turned  under,  fermentation  soon  sets  in ;  the  sod  decays  rapidly, 
and  nitrification  succeeds  the  first  fermentation  in  due  course,  so 
that  whatever  plant-food  the  young  grass  may  have  collected  is 
probably  fully  utilized  by  the  corn.  Mere  "  spring  ploughing  " 
would  not  have  given  these  results,  i.  e.  not  if  the  ploughing  had 
been  done  before  the  grass-plants  had  had  time  to  grow.  It  is  not 
improbable  that  —  in  the  days  when  Indian  corn  was  their  leading 
crop  —  the  old  habit  of  New  England  farmers  of  turning  shallow 
fuiTOws,  such  as  merely  buried  the  sod,  may  have  been  justified 
by  the  rapid  nitrification  of  the  vegetable  matter ;  and  a  similar 
remark  will  apply  to  the  popular  prejudices  which  still  prevail, 
viz.,  that  shallow  ploughing  will  usually  serve  very  well  for  Indian 
com,  and  that  this  crop  can  get  more  good  than  some  others  from 
manure  which  lies  near  the  surface. 

Some  people  have  occasionally  gone  so  far  as  to  turn  sods 
directly  upon  potatoes,  as  a  means  of  planting.  They  plough 
three  or  four  furrows  in  the  sod,  drop  the  "seed"  in  the  fourth 
furrow,  perhaps,  and  then  turn  the  next  furrow  upon  the  sets  as 
a  covering.  This  plan  is  evidently  a  modification  of  a  method 
employed  in  the  damp  climate  of  Ireland  which  consists  in  laying 
out  the  potato  sets  on  the  surface  of  unbroken  grass-land  and 
covering  both  the  sets  and  the  sod  with  a  bed  of  earth. 


MATTERS  IN  GREEN  MANURE.  148 

It  needs  to  be  said  that  English  writers  have  often  made  objec- 
tion to  the  sowing  of  crops  on  newly  broken  sod-land,  because  of 
the  risk  of  injury  from  the  grubs  and  wire-worms  which,  as  they 
say,  are  apt  to  be  found  in  great  abundance  among  crops  planted 
on  land  where  grass  or  thick  weeds  have  been  ploughed  under. 
As  Cobbett  says,  *' When  wheat  is  sowed  in  this  country  (Eng- 
land) upon  a  ley  with  once  ploughing,  the  plant  is  very  frequently 
much  injured  by  these  mischievous  things.  The  wire-worm  enters 
the  spear  just  above  the  seed  and  eats  out  the  heart.  The  brown 
grub  keeps  snugly  Just  under  the  surface  of  the  ground  in  the  day 
time,  comes  out  at  night,  bites  off  the  plant  nearly  close  to  the 
ground,  and  re-enters  its  retreat."  Hence  the  advantage  of  plough- 
ing and  fallowing  sod-land  until  these  pests  are  expelled. 
Amount  of  Organic  Matter  in  Sod, 

An  experiment  made  at  the  Storrs  Agricultural  School,  at 
Mansfield,  Conn.,  to  determine  how  much  vegetable  matter  is 
contained  in  an  acre  of  grass-sod,  gave  the  following  results: 
The  grass  was  timothy,  with  a  slight  admixture  of  red-top,  grow- 
ing in  light  loam,  7  inches  deep,  which  rested  on  a  yellow,  compact 
subsoil ;  and  about  2  tons  of  hay  to  the  acre  had  been  obtained 
when  the  field  was  mowed,  on  July  23.  On  Nov.  7,  when  the 
land  was  covered  with  a  luxuriant  second  growth  of  grass  about 
3  inches  high,  the  grass  and  roots  were  carefully  collected  from  a 
measured  fraction  of  the  field,  first  to  a  depth  of  6  inches  and 
then  to  the  depth  of  3  feet,  and  they  were  dried  (at  212''  F.)  and 
analyzed.  There  was  found  8,223  lb.  to  the  acre  of  dry  grass  and 
roots,  taken  to  the  depth  of  3  feet;  and  analysis  showed  that 
these  4  tons  and  more  of  vegetable  matter  contained  90  lb.  of  ni- 
trogen, 25  lb.  of  phosphoric  acid,  and  56  lb.  of  potash.  It  ap- 
peared, furthermore,  that  by  far  the  larger  part  of  the  roots  were 
near  the  surface  of  the  land,  for  in  the  trial  which  reached  only 
to  a  depth  of  6  inches,  there  was  obtained  7,606  lb.  of  dry  grass 
and  roots  to  the  acre,  and  there  was  present  in  this  matter  84  lb. 
of  nitrogen,  24  lb.  of  phosphoric  acid,  and  54  lb.  of  potash.  In  a 
parallel  experiment,  the  dry  stubble  and  roots  of  cow-peas,  taken 
to  a  depth  of  3.5  feet,  on  Oct.  3,  after  the  crop  proper  had  been 
har\'e8ted,  amounted  to  1,095  lb.  to  the  acre,  and  contained  15  lb. 
of  nitrogen,  3  lb.  of  phosphoric  acid,  and  6  lb.  of  potash. 

Gasparin,  at  the  south  of  France,  on  the  occasion  of  breaking 
up  a  lucern  field,  collected  all  the  roots  and  stubble  from  a  hec- 
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tare  of  land  (=»  2.5  acres),  and  found  that  there  were  16  tons  to 
the  acre ;  and  as  the  proportion  of  nitrogen  in  this  refuse  amounted 
to  0.8  per  cent,  there  must  have  been  in  the  16  tons  261  lb.  of  ni- 
trogen. He  remarks  that  practical  men  have  found  their  advan- 
tage in  feeding  lucern  roots  to  sheep.  Boussingault,  on  the  other 
hand,  found  less  organic  matter  in  clover-sod.  A  clover-sod 
from  which  a  crop  of  2,200  lb.  of  hay  to  the  acre  had  been  har- 
vested, gave  him  1,760  lb.  of  air-dried  roots,  etc.,  that  contained 
55  lb.  of  nitrogen. 

Of  course,  when  not  only  the  roots  and  stubble  of  an  old  sod, 
but  the  green  plants  themselves,  are  turned  under,  very  large 
quantities  of  organic  matter  and  of  nitrogen  may  be  added  to  the 
land.  Thus  the  Italian  chemist,  Sestini,  on  determining  the 
weights  of  total  crop  and  of  nitrogen  yielded  by  beans  (Phaseo- 
1ns)  and  by  lupines,  when  grown  to  be  ploughed  under  as  green 
manure,  near  Rome,  found  28  tons  of  the  green  bean-plants  to  an 
acre,  and  19  tons  of  lupines.  The  bean-plants  on  an  acre  of  land, 
taken  when  in  blossom,  contained  280  lb.  of  nitrogen,  and  the 
lupines  117  lb. 

According  to  Gasparin,  a  fairly  good  crop  of  lupines  should 
yield  at  least  two  tons  to  the  acre  of  air-dried  hay  that  contains 
1.6  %  of  nitrogen,  which  would  be  equivalent  to  64  lb.  of  nitrogen 
to  the  acre,  without  taking  any  account  of  the  roots  and  stubble 
of  the  crop.  An  English  crop,  gi*own  upon  light  land,  which  was 
examined  by  Voelcker,  yielded  (exclusive  of  roots)  21  long  tons 
and  12  cwt.  of  green  lupines  to  the  acre.  These  green  plants 
contained  0.38  %  of  nitrogen,  or,  all  told,  184  lb.  of  nitrogen  to 
the  acre. 

Oreen  Manure  in  Vineyards, 

Mack,  in  the  Tyrol,  has  grown  annual  clover  (T.  incarnatum) 
between  the  rows  of  vines  in  a  vineyard,  and  ploughed  the  plants 
under  as  green  manure.  The  seed  was  sown  at  the  rate  of  about 
30  lb.  to  the  acre,  and  some  plots  of  the  land  were  dressed  with 
phosphatic  slag,  applied  at  the  rate  of  530  lb.  to  the  acre,  while 
other  plots  received  no  fertilizer.  The  clover  grew  to  a  height  of 
1 6  or  1 7  inches  on  the  slag  plots,  and  tp  a  height  of  1 2  inches  on 
the  others.  On  one  of  the  slag  plots,  all  the  vegetable  matter 
(including  the  roots,  which  were  well  developed  and  full  of 
nodules)  was  collected  and  weighed.  There  were  21  tons  of  it  to 
the  acre.     These  fresh  plants  contained  0.25  ^  of  nitrogen,  which 


YIELD  OP   GREEN  MANtJRfi.  146 

amounted  to  over  100  lb.  of  nitrogen  to  the  acre.  Mravlag  also 
has  tried  similar  experiments  with  vetches,  and  both  these  observ- 
ers ai^e  that,  by  forcing  the  green  manure  with  phosphatic  slag 
and  with  potash  salts,  vineyards  may  be  manured  in  this  way 
more  cheaply  than  can  be  done  by  means  of  stable  manure. 

Dehlinger  has  calculated,  from  Wagner's  data,  that  the  amount 
of  dry  matter  and  of  nitrogen  yielded  per  acre  by  crops  grown  for 
green  manure  might  be  in  the  case  of — 

Tom  drj  Lb.  Kitrog«o 

nuitter.  to  the  acra. 

Mixed  vetohee  and  peas 3.38  220 

Lucem 3.00  200 

Bed  clover 2.00  111 

Swedish  clover 1.60  100 

Vibrans,  also,  has  collected  data,  as  set  forth  below,  for  the 
sake  of  learning  how  late  in  the  season  leguminous  plants  may  be 
sown  in  order  to  obtain  a  product  lai^e  enough  to  serve  as  a  use- 
ful  green  manuring. 

Yetohbs  Grown  as  a  Stubblb  Gbop. 

Yielded  GermAn  lb.  per  Motgen  («-  0.6S1  men) 
Sown  on  Mown  on  of  of 

Dry  Matter.  Nitrogen. 

19  July  26  October 1690  6L3 

20  "  «•        "         1370  66.0 

6  August       "        «         933  40.0 

20      "  I.        M         5g2  27.2 

31      "  u        $*         382  16*0 

When  sown  under  grain  on  AprU  20  and  mown  on  October  12, 

Vetches  yielded  ...  760  lb.  of  dry  matter  and  34.4  lb.  of  nitrogen 
Swedish  clover  yielded   .    1300     "  "  "    39.0     ««  " 

Hop  clover  «*         .      910      "  "  "    30.0      "  " 

In  other  trials,  hop  clover  grown  on  different  fields,  under  grain, 
gave  results  as  follows :  — 

Sown  Mown  Lb.  Dry  Matter.  Lb.  Nitrogen. 

27  May  31  October 758  28 

IJune  31      <•  863  26 

10  April  12      «  910  30 

31  May  26      «  868  31 

It  is  said  that,  in  our  Southern  States,  the  cow-pea,  though  a 
tender  annual,  will  give,  under  favorable  conditions  —  when  sown 
broadcast  at  the  rate  of  2  bushels  of  seed  to  the  acre  —  tliree  cut- 
tings during  the  season,  and  yield  at  each  cutting  from  2  to  4  tons 
of  air-dried  hay.    (McCarthy.)     It  can  support  intense  heat,  and 
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bear  drought  better  than  clover  can.  In  experiments  made  at 
the  N.  C.  Exp.  Station,  an  increase  of  10  bushels  of  wheat  to  the 
acre,  over  the  yield  on  unmanured  land,  was  obtained  on  land 
where  cow-peas  had  been  ploughed  under  as  a  preparation  for 
wheat.  Experiments  at  the  Alabama  Station  showed  that  the 
weight  of  the  vines  was  6  times  that  of  the  roots,  and  that  the 
yield  of  fresh  vines  varied  from  1  ton  to  6|  tons.  The  vines  con- 
tained from  1.45  to  2.62  ^  of  nitrogen.  At  the  Louisiana  Sta- 
tion, 1  acre  of  cow-peas  yielded  3,970  lb.  of  organic  matter,  and 
there  was  returned  to  the  soil  65  lb.  of  nitrogen,  20  lb.  of  phos- 
phoric acid,  and  111  lb.  of  potash.  Of  these  matters,  at  least 
8  lb.  of  nitrogen,  4.4  lb.  of  phosphoric  acid,  and  18  lb.  of  potash, 
were  furnished  by  the  roots.  (Allen.) 

Oreen  Manure  may  act  slowly. 

A  point  to  be  noticed  in  respect  to  green  manuring  in  Northern 
climates  and  dry  seasons,  is,  that  the  inorganic  matters  and  the 
nitrogen  in  the  buried  plants  are  only  gradually  given  up,  as  a 
general  rule,  for  the  use  of  the  next  crop.  Probably  the  living 
plant  cannot  consume  many  of  the  constituents  of  the  dead  plants 
until  the  latter  have  been  completely  disorganized.  This  point  is 
one  that  needs  to  be  borne  in  mind ;  it  would  be  on  the  whole  dis- 
advantageous, though  something  might  be  gained  by  it  occasion- 
ally. Macaire  long  ago  grew  wheat  on  a  measured  plot  of  land, 
and,  after  having  harvested  and  weighed  the  crop,  he  heated  the 
grain  to  destroy  its  germinative  power,  and  chopped  the  straw 
fine,  and  spaded  both  straw  and  grain  into  the  soil,  so  that  every- 
thing which  had  grown  upon  the  land  was  returned  to  it.  He  then 
grew  wheat  again  on  the  plot,  and  noticed  that  there  was  an  appre- 
ciable diminution  of  product ;  although,  as  he  intimates,  as  good 
wheat  grew  on  an  adjacent  (manured)  field  in  the  second  year  as 
in  the  first.  In  any  event,  it  is  hardly  fair  to  compare  green  ma- 
nuring too  closely  with  the  ordinary  methods  of  applying  fer- 
tilizers, for  it  is  in  some  respects  a  law  unto  itself. 

As  will  be  shown  in  another  chapter,  there  is  no  justification 
for  the  idea,  on  which  Macaire's  experiment  was  based,  that  the 
chemical  substances  which  exist  in  plants  are  as  good  f  eii;ilizers 
as  the  compounds  ordinarily  used  for  manure.  It  should  be  re- 
membered, meanwhile,  that  green  manuring  has  always  been  more 
highly  esteemed  in  southern  countries,  such  as  Italy,  the  south  of 
France,  and  our  own  Southern  States,  than  it  has  been  in  places 
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where  the  climate  is  less  warm.  According  to  Gasparin,  green 
manuring  has  long  played  an  important  part  in  southern  Europe 
for  fertilizing  vineyards  and  olive  trees.  Not  only  are  reeds  and 
green  twigs  brought  to  the  land  to  be  ploughed  under,  but  lupines 
and  beans  are  grown  upon  the  land  for  this  purpose.  It  is  recog- 
nized, moreover,  that  ^'  these  plants  obtain  nearly  all  their  fer- 
tilizing elements  from  the  air.'' 

It  is  known  that  under  favorable  conditions  green  manure  — 
especially  that  from  leguminous  plants  —  nitrifies  readily,  after  it 
has  been  thoroughly  rotted,  and  that  it  compares  favorably,  as  a 
source  of  nitrates,  with  most  of  the  other  forms  of  organic  ni- 
trogen that  are  employed  as  manures.  The  results  of  some  of 
Muntz's  experiments  relating  to  this  point  are  given  in  the  follow- 
ing tables.  In  three  months'  time  there  were  formed  from  the  given 
materials  the  stated  numbers  of  milligrams  of  nitrate-nitrogen  for 
each  kilo  of  soil :  — 

Then  wm  formed  mgr.  of  nltrato-nltrog^n. 
From  one  grm.  of  In  a  light  calcareou    In  a  stiff  olay  boU 

■oU.  not  oalcareoiu. 

Sulphate  of  ammonia 268  6.1 

Green  lupines,  buried 183  88.0 

Dried  blood 161  3.6 

In  this  case  the  lupines  lightened  the  heavy  land,  and  allowed 
air  to  enter  it  for  the  support  of  the  nitric  ferments.  In  another 
experiment,  an  exhaustive  crop — giant  maize  to  be  cut  for  ensil- 
age—  was  grown  on  light  land,  that  was  well  charged  with  ash- 
ingredients,  to  which  the  different  kinds  of  fertilizers  were  applied 
at  the  rate  of  100  kilos  of  nitrogen  to  the  hectare.  Eighteen  days 
after  applying  the  fertilizers  there  was  found  per  kilo  of  soU  the 
stated  amounts  of  nitric  acid :  — 

Plot  dressed  with  Nltrle  acid  fonnd,  mgr. 

Sulphate  of  ammonia 121.4 

Green  lucem,  buried 86.0 

Dried  blood 72.2 

No  nitrogenous  manure 14.5 

Here  again  the  green  manure  nitrified  more  rapidly  than  the 
dried  blood.  The  yield  of  fodder-corn  cut  at  the  end  of  Septem- 
ber is  given  in  the  following  table :  — 

The  hectare  dressed  with  Chire  kilos  of  cropi 

Sulphate  of  ammonia .    66,000 

Nitrate  of  soda 78,500 

Green  lucem 78,000 

Dried  blood 71,500 

No  nitrogenous  manure 39,500 
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In  winter  (in  France)  buried  green  manure  nitrifies  but  little, 
though  the  process  of  nitrification  becomes  active  with  the  advent 
of  the  spring.  The  results  given  in  the  following  table  were  ob- 
tained by  Deh^rain,  on  testing  the  amount  of  nitrates  that  passed 
off  in  the  drain-water  from  fields  that  had  been  and  had  not  been 
green-manured.  During  the  times  stated  the  given  quantities 
(kilos)  of  nitrate-nitrogen  passed  off,  per  hectare,  in  the  drain- 
water  from  land  kept  bare  of  vegetation,  as  follows  :  — 

260ct.to  24NoT.to  16Dec.to  4Jan.to  9Feb.to  22Feb.to 
24  Not.     16  Dec.        4  Jan.       9  Feb.     22F«b.     lOJnly. 

Land  not  green-manured  1.49       4.38         2.47        1.92       3.06        18.50 
Itand  where  a  crop  of ) 

vetches    had    been  \  1.22       6.01         2.29       2.71        7.96       38.40 

ploughed  under.         ) 

These  experiments  had  to  be  given  up  in  the  spring,  because  a 
drought  set  in  and  the  drains  ceased  to  flow.  It  should  here  be 
said  that  Br6al  maintains  that  nitrification  is  comparatively  feeble 
in  grass-land,  and  that  grass^sod  which  has  been  ploughed  under 
does  not  nitrify  so  readily  as  do  the  residues  from  leguminous 
crops. 

Oreen  Manuring  rarely  practised. 

Excepting  the  turning-under  of  old  grass-sod  or  clover-sod,  or 
of  grain-crops  that  have  been  partially  winter-killed,  green  ma- 
nuring is  resorted  to  only  in  exceptional  cases  nowadays  in  north- 
em  countries,  though  it  was  once  rather  common  in  many  localities 
in  the  days  when  commercial  fertilizers  were  not  to  be  had.  In 
the  Southern  States  of  this  countij,  however,  it  is  said  to  be  still 
a  rather  common  practice  to  plough  under  the  cow-pea.  One  good 
method  proposed  and  practised  by  Ravenel,  of  Charleston,  is  to 
apply  finely  powdered  phosphate  rock  («^  floats  ")  to  the  land  on 
which  the  cow-peas  are  to  be  grown;  so  that,  when  the  green 
plants  come  to  be  ploughed  under,  the  refractory  phosphate  shaU 
be  subjected  to  the  solvent  action  of  a  great  mass  of  decaying 
vegetable  matter,  whereby  some  part  of  it  may  be  made  fit  to  be 
assimilated  by  subsequent  crops. 

In  Japan,  Kellner  and  his  pupils  have  studied  a  local  practice 
in  which  a  leguminous  plant.  Astragalus  lotoides,  is  used  as  a 
green  manure  for  rice.  After  having  applied  to  the  land  a  phos- 
phatic  and  a  potassic  fertilizer  and  lime  in  varying  quantities, 
viz.,  100,  200,  and  400  kilos  to  the  hectare,  they  grew  a  rice-crop 
upon  the  field  and  at  the  end  of  September  they  sowed  seeds  of 
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the  Astragalus  between  the  rice-plants.  After  the  rice  had  been 
hai*vested  the  young  Astragalus  plants  were  lightly  covered,  ac- 
cording to  the  custom  of  the  country,  with  short  straw,  to  avoid 
winter-killing,  and  on  the  10th  of  May  in  the  following  year,  when 
the  crop  was  in  full  bloom,  it  was  mown  close  to  the  earth,  weighed 
and  analyzed.  Finally  the  green  plants  were  dug  into  the  soil  to 
serve  as  manure  for  a  new  crop  of  rice. 

There  was  found  in  the  blooming  Astragalus,  12.23  ^  of  dry 
substance  and  0.369  ^  of  nitrogen,  and  the  mean  yield  per  hec- 
tare was  2540  kilos  of  dry  matter  and  76.8  kilos  of  nitrogen.  It 
appeared  that  the  plot  which  had  received  100  kilos  lime  to  the 
hectare  gave  a  much  better  crop  than  the  no-lime  plot,  and  as 
good  a  crop  as  either  of  the  plots  which  had  received  more  lime. 
Beside  the  green  manuring  the  land  got  a  new  dressing  of  pbos- 
phatic  and  potassic  fertilizers,  and  lime  as  before.  After  time 
enough  had  been  allowed  for  the  fermentation  of  the  green  ma- 
nure, rice  was  set  out  upon  the  land  in  June.  The  results  of  these 
experiments  are  given  in  the  following  table  :  — 

Kaanrinff  Straw.  FuU  Keraels.   TaUingi.  Total  crop. 

^^'  gm.  grin.  griii.  gnu. 

No  green  manure 636  412.7  3.2  952 

Green  manure,  without  lime   ...  623  464.2  4.2  1091 
Green  manure  with  100  k.  lime  to 

hee 837  633.7  5.3  1474 

Ditto  200  ditto 825  613.3  5.6  1447 

Ditto  400  ditto 860  646.2  4.6  1511 

A  complete  manuring  (mixed  ferti- 
lizers)       975  638.1  7.6  1621 

Whence  it  appears  that  the  green  manure  and  lime  were  com- 
petent to  produce  a  crop  of  grain  equal  to  that  got  by  a  complete 
manuring,  which  contained  an  abundance  of  ammonia. 

The  following  table  gives  the  amounts  of  nitrogen  taken  off  the 
land  in  the  several  crops,  as  determined  by  analysis  :  — 

Kitroffonin  Vitrogen  taken 

Manuring.                                                tbe  total  up  from  the 

crop.  manure, 

grm.  grm. 

No  green  manure 7.43  .  .  . 

Green  manure,  without  lime 8.18  0.75 

with  100  k.  lime  to  the  heo.     .  11.84  4.41 

"  •*     200  "      •*  **  .  11.52  4.09 

«•  ««     400  ««      *•  '«  .  12.18  4.75 

Complete  manuring  (mixed  fertilizers)  .    .    .  12.46  5.03 

The  average  of  nine  plots  fertilized  with  green  manure  and  lime 
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gave  53  kilos  of  nitrogen  to  the  hectare  as  the  amount  taken  up 
by  the  crop  from  the  green  manure;  which,  according  to  other 
experiments  of  Kellner,  is  equal  to  the  amount  taken  up  from  a 
manuring  of  85  kilos  sulphate  of  ammonia  to  the  hectare.  Kellner 
heartily  commends  this  method  of  manuring  the  rice-fields.  When 
they  are  not  thus  treated,  it  is  customary  to  leave*  them  bare  dur- 
ing the  winter. 

Clover  as  Oreen  Manure. 

In  the  same  way  that  grass-sod  is  made  to  furnish  green  ma- 
nure in  New  England,  so  is  clover-sod  in  several  European  systems 
of  rotation,  as  well  as  in  the  wheat-growing  regions  of  New  York 
and  of  several  other  American  States.  In  these  districts  clover- 
seed  is  often  spoken  of  as  '^  a  cheap  manure.'* 

Since  clover  forms  a  thick  mat  of  roots,  the  tuming-under  of  a 
mere  dry  stubble  of  It  gives  to  the  soil  a  coDsiderable  amount  of 
nitrogenized  organic  matter  in  any  event.  But  there  is  a  system 
of  culture  occasionally  practised  in  several  European  countries,  in 
which  care  is  taken  to  convert  the  stubble  into  greensward  before 
ploughing  it  under.  To  this  end,  a  portion  of  the  fertilizing  mat- 
ters that  would  be  aUotted  in  any  event  to  the  next  year's  crop, 
is  applied  as  a  top-dressing  to  the  field  immediately  after  the 
clover  has  been  mown.  The  abundant  crop  of  aftermath  thus  ob- 
tained is  then  ploughed  in  at  the  farmer's  convenience. 

In  view  of  the  fact  that  a  clover-crop  treated  in  this  way  will 
bring  into  the  soil  from  the  air  a  specially  large  quantity  of  ni- 
trogenous food  and  of  humus-producing  materials,  without  wast- 
ing any  of  the  manure  that  was  applied  to  it,  the  method  would 
seem  to  be  a  peculiarly  happy  device  for  applying  fertilizers 
economically.  It  may  well  be  asked  whether  it  would  not  often 
be  best,  in  cases  of  green  manuring,  to  encourage  the  growth  of 
the  green  crop  by  dressing  it  moderately  with  manure. 

In  some  of  our  Southern  States,  the  annual,  crimson  clover  is 
grown  occasionally  on  soils  which  are  too  light  for  onlinai*y  clover. 
When  once  fairly  started,  the  crop  does  well  on  non-calcareous, 
sandy  or  light  clay  soils,  though  it  is  somewhat  uncertain  since  the 
newly  germinated  plants  are  easily  ' '  burnt  off  "  by  hot  sunshine. 
As  far  north  as  Delaware  it  can  be  gi'own  either  as  a  summer 
crop  or  as  a  winter  crop  which  shall  cover  the  land  during  the 
autumn  months.  In  the  latter  case  it  is  sown  in  late  July  or  in 
August.     In  an  experiment  described  by  the  Delaware  Experi- 
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ment  Station,  a  single  dollar's  worth  of  crimson  clover-seed  to  the 
acre,  sown  under  Indian  corn  at  the  time  of  the  last  cultivation, 
gave  a  green  crop  which  weighed  8  tons  and  600  lb.  as  it  stood  in 
blossom  in  the  field  in  the  first  week  of  the  following  June.  It 
was  ploughed  under  on  June  5,  and  Indian  corn  was  planted  upon 
it  on  June  7,  and  there  was  obtained  a  yield  of  48  bushels  of 
shelled  com  to  the  acre  against  24  bushels  of  com  harvested  from 
an  adjacent  acre  which  had  borne  tomatoes  in  the  previous  year, 
and  which  was  dressed  with  100  lb.  of  nitrate  of  soda  as  a  prep- 
aration for  the  corn.     (Allen.) 

Ghrain  Fed  by  Legumes, 

There  are  several  very  old  European  methods  of  growing  grain 
after  leguminous  plants  which  depend  absolutely  on  the  idea  of 
green-manuring.  Thus,  Gasparin  reports  that  on  soils  and  in 
situations  suitable  for  growing  lupines  he  has  seen  that  plant 
habitually  made  the  basis  of  a  succession  of  crops  of  cereal  grains 
by  simply  sowing  its  seeds  immediately  after  the  grain  harvest 
and  ploughing  under  the  green  crop  a  short  time  before  seeding 
the  land  with  the  next  crop  of  grain.  In  a  similar  way,  irrigated 
land  in  Southern  Europe  may  be  well  manured  by  growing  beans 
upon  it  as  a  stolen  crop  and  plowing  the  plants  under  in  October, 
when  they  are  in  blossom,  as  a  preliminary  to  the  sowing  of 
wheat.  A  method  of  manuring  for  barley  formerly  practised  in 
Western  Germany  was  to  harrow  lightly  the  stubble  of  winter 
wheat,  or  rye,  immediately  after  the  harvest,  and  to  sow  vetch 
seeds  very  thickly.  The  young  vetch-plants  were  dressed  with 
gypsum,  to  encourage  luxuriant  growth,  and  the  green  crop  was 
finally  ploughed  under  in  late  autumn,  as  a  preparation  for  barley, 
which  was  sown  in  the  spring.  The  barley  obtained  in  this  way 
is  said  to  have  been  of  excellent  quality  and  exceptionally  heavy. 

Another  method,  sometimes  practised  in  Northern  Ohio,  is  to 
leave  the  second  growth  of  clover  lying  upon  the  field  diu*ing  the 
winter,  as  a  heavy  mulch,  care  being  taken  to  comb  down  the 
knee-high  crop  with  a  smoothing  harrow,  just  before  cold  weather 
sets  in,  so  that  the  plants  may  all  lie  down  in  one  direction,  viz. 
that  in  which  the  plough  will  eventually  be  drawn.  Land  thus 
mulched  dries  out  somewhat  slowly  in  the  spring,  and  there  may 
be  some  delay  before  the  breaking  up  of  the  sod  can  be  proceeded 
with ;  but  by  using  a  plough  upon  the  beam  of  which  a  skimmer 
or  ^'jointer"  (a  small  ploughshare)  has  been  set,  even  a  mass  of 
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clover-plants  bo  heavy  that  they  represent  a  crop  of  two  tons  of 
clover  hay  to  the  acre  can  be  turned  under  without  much  trouble. 
(Terry.) 

Spurry  for  Oreen  Manuring, 

Spnrry  (Spergula  arvensis,  and  variety  maxima)  is  another 
plant  which  has  sometimes  been  used  for  green-manuring  in  some 
of  the  moister  parts  of  Europe.  It  grows  rapidly  and  may  readily 
be  interpolated  as  a  stolen  crop  between  two  successive  crops  of 
rye.  It  is  regarded  as  an  ameliorating  crop,  like  clover,  and  this 
popular  impression  is  supported  by  the  experiments  of  Voght, 
who  by  growing  and  ploughing  under  three  successive  crops  of 
spurry  in  one  season  was  enabled  to  grow  subsequently  a  heavy 
crop  of  rye,  and  afterwards  a  crop  of  potatoes  on  the  land  thus 
prepared.  Voght  estimated  that  the  fertilizing  effect  produced  by 
his  spurry  was  equal  to  that  of  4.5  tons  of  farmyard-manure.  It 
needs  to  be  said,  however,  that  in  spite  of  much  farm  experience 
which  seemed  to  indicate  that  spurry  must  be  able  in  some  way  to 
get  free  nitrogen  from  the  air,  there  are  scientific  experiments  by 
Schloesing  and  Laurent  which  signally  failed  to  confirm  this  idea. 
In  so  far  as  these  observers  could  determine  spurry  was  no  better 
able  than  oats,  mustard  or  cress  were  to  fix  free  nitrogen. 
How  to  Plough  Green  Crops, 

A  common  method  of  facilitating  the  operation  of  ploughing 
under  a  green  crop  is  to  fasten  to  the  plough-beam  near  the  stand- 
ard one  end  of  a  short  heavy  chain  and  to  attach  the  other  end  of 
the  chain  to  the  whifiSetree  of  the  off  horse,  so  that  the  loop  of 
chain  in  passing  over  the  ground  may  drag  the  plants  towards 
the  furrow  in  such  manner  that  they  can  be  handsomely  covered 
by  the  furrow  slice.  In  case  tbe  plough  is  drawn  by  oxen,  the 
outer  end  of  the  chain  may  be  fastened  to  a  stick  which  has  been 
bolted  into  the  plough-beam  for  this  purpose.  Some  farmers 
have  insisted  that  it  may  be  well  in  certain  cases  to  pass  a  roller 
over  the  green  crop  in  order  to  crush  down  the  plants  before 
ploughing  them  under,  while  others  maintain  that  rolling  is  not 
necessary.  In  case  a  green  crop  has  been  grown  late  in  the  season, 
the  ploughing  of  it  may  well  enough  be  postponed  until  just  be- 
fore the  ground  freezes,  and  if  this  be  done  there  will  be  less 
trouble  in  turning  under  the  frozen  and  fallen  crop.  In  some 
cases  the  ploughing  might  even  be  put  off  until  the  next  spring. 
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Ghreen  Manure  a  Source  of  Humus. 

It  is  to  be  noted,  that  by  ploughing  under  a  forced  eloyer-crop, 
an  abundant  supply  of  organic  matter  may  be  added  to  the  soil 
through  the  intervention  of  purely  inorganic  manures,  su^Dh  as 
guano,  or  superphosphate,  or  wood-ashes.  In  view  of  this  fact, 
one  of  the  objections  most  commonly  urged  against  the  use  of  the 
inorganic  or  mineral  fertilizers  falls  at  once  to  the  ground.  It  has 
been  suggested  repeatedly,  both  by  systematic  writers  and  by 
practical  farmers,  that  the  long-continued  use  of  inorganic  ma- 
nures must  inevitably  impoverish  the  soil,  since  in  using  them 
continually  no  supply  of  humus  (such  as  is  given  in  barnyard- 
manure)  would  be  brought  to  the  soil.  But,  manifestly,  it  is  an 
easy  matter  to  raise  a  crop  of  humus  once  in  a  while  for  the  land, 
and  upon  the  land,  whenever  it  may  be  needed ;  and  this  may  be 
done  very  conveniently  by  growing  the  green  manure  in  late  sum- 
mer, after  an  early  crop  of  grain,  or  the  like,  has  been  harvested. 
There  would  be  no  need  of  giving  up  the  use  of  the  land  for  an 
entire  season.  So  far  from  the  fertilizers  used  to  force  a  clover- 
stubble  being  wasted,  the  sum  total  of  plant-food  in  the  soil  is 
actually  increased  by  whatever  the  clover  has  taken  from  the  air. 

Of  course,  in  a  dry  grazing  country  like  New  England,  where 
the  '<  fall  feed"  for  pastured  cattle  is  no  small  item  to  be  taken 
mto  consideration,  the  ploughing-under  of  a  forced  clover-^crop 
would  seldom  be  justifiable.  The  green  crop  would  be  fed  out, 
either  green  or  dry,  to  cattle,  who  would  return  dung  to  the  land. 
Perhaps  the  land  would  not  be  so  well  manured  in  this  way  for  the 
time  being,  but  the  advantage  to  the  farmer  would  neveilheless  be 
greater  in  most  cases ;  for,  in  spite  of  the  cost  of  harvesting  the 
forage,  of  carrying  it  to  the  cattle,  and  of  carting  out  and  spread- 
ing their  manure,  it  would  still  be  true,  in  the  long  run,  upon  a 
well-conducted  farm,  that  the  farmer  will  get  two  profits, — one 
from  the  animal  increase  or  other  product  obtained  by  using  the 
fodder,  and  another  from  the  manure  which  the  fodder  has  pro- 
duced. 

Rather  than  plough  under  the  clover,  it  would  be  better,  on  many 
farms,  to  mow  it  once  for  hay,  and  again  for  seed  to  be  sold.  For 
the  clover-roots  alone  would  be  equivalent  to  a  considerable  quan- 
tity of  manure,  and  with  the  money  got  by  selling  the  clover-seed 
there  might  be  bought  a  store  of  cotton- seed-meal,  corn-meal 
bran,  or  malt-sprouts,  wherewith  to  produce  dung.     It  is  a  fact, 
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as  will  be  explained  hereafter,  that  animal  excrements  act  as  ma- 
nure more  qaicjdy,  more  powerfully,  and  more  assuredly,  than  the 
plants  which  have  produced  them  can. 

Generally  speaking,  all  green  crops  are  thus  fed  out  nowadays, 
and  it  seldom  happens  that  a  crop  is  ploughed  under  if  it  be  thrifty. 
Nevertheless,  it  may  sometimes  be  well  to  force  old  sod^and  in 
the  spring,  in  the  manner  just  now  indicated,  as  a  preliminary  to 
planting  com,  provided  the  land  is  well  suited  for  the  purpose. 
So,  too,  when  Indian  corn  is  grown  after  winter  wheat,  one  way 
of  proceeding  is  to  sow  10  or  12  lb.  of  clover-seed  to  the  acre  upon 
the  wheat  in  the  spring,  and  to  plough  under  the  clover  the  next 
spring,  in  the  latter  part  of  May,  by  which  time  a  vigorous  growth 
will  have  started,  and  inmiediately  to  plant  corn  upon  the  inverted 
sod.  There  must  always  be  exceptional  cases,  aa  of  fields  far 
from  the  homestead,  where  green-manuring  may  be  advisable. 
And  in  cases  where  a  crop  has  grown  so  feebly  that  it  promises  to 
be  hardly  worth  the  trouble  of  harvesting,  it  may  sometimes  be  good 
practice  to  plough  the  crop  under,  out  of  hand.  In  such  event, 
where  the  amount  of  herbage  to  be  ploughed  under  is  but  small, 
there  need  be  little  or  no  delay  in  sowing  seeds  upon  the  land  for 
another  crop,  especially  as  regards  some  kinds  of  crops ;  but  when 
a  heavy  green  crop  has  been  turned  under,  time  enough  has  to  be 
allowed,  in  many  cases,  for  the  buried  plants  to  decay  before  the 
seeds  for  the  next  crop  can  be  sown,  lest  they,  too,  be  destroyed 
by  the  process  of  putrefaction.  For  example,  it  was  a  rule  among 
Saxon  farmers,  that,  when  rape-seed  was  to  be  sown  in  autumn, 
after  clover,  the  latter  could  not  be  mown  twice  or  thrice  during 
the  course  of  the  summer.  On  the  contrary,  the  stubble  was 
ploughed  under  after  the  first  cutting  of  the  clover,  and  left  to 
decay  until  September,  when  the  rape-seed  was  sown. 
Oreen  Manure  may  Decay  Slowly. 

A  moment's  consideration  of  the  familiar  method  employed  for 
preserving  fodder  in  silos  will  teach  that  a  green  crop,  which  has 
been  ploughed  under,  can  hardly  be  expected  to  decay  very  rap- 
idly beneath  its  covering  of  earth,  unless  the  conditions  should 
happen  to  be  specially  favorable  for  decomposition.  For  rapid 
decay,  there  will  be  needed  warmth  and  a  fair  amount  of  moisture, 
as  well  as  considerable  supplies  of  air,  and  the  presence  of  an 
abundance  of  the  micro-organisms  proper  for  fermentation.  In 
case  the  earth  were  so  compact  or  so  wet  that  ah*  could  not  gain 


GREEN   MANURE   VS.   FALLOWS.  155 

access  to  the  buried  plants,  they  would  undergo  comparatively 
little  change,  and  be  preserved  as  ensilage  is.  But,  under  favor- 
able conditions,  the  buried  plants  will  decay,  with  evolution  of 
ammonia,  much  as  a  heap  of  green  weeds  would,  above  ground. 
Deh^rain,  operating  in  France  on  ^'  permeable  land,"  noticed  that 
vetches  and  mustard,  ploughed  under  in  November,  did  not  decay 
rapidly.  A  fortnight  or  three  weeks  after  burial,  the  leaves  and 
stalks  of  the  plants  were  still  green,  though  soft  and  withered ; 
but  soon  afterward  they  blackened,  and  began  to  exhale  ammonia 
in  the  fields  that  were  moderately  moist.  After  2  or  3  months, 
however,  it  was. hard  to  discover  any  remains  of  the  plants. 
Oreen  Mamire  versus  FaUotcs. 

In  general,  it  may  be  said  that  the  practice  of  green-manuring 
militates  strongly  against  the  system  of  allowing  land  to  lie  in 
naked  fallows. 

Beside  the  opportunity  afforded  for  nitrification,  one  chief  merit 
of  fallowing  was  found  in  the  power  it  gave  the  farmer  of  destroy- 
ing weeds  on  land  which  had  become  insufferably  foul.  Long  be- 
fore fallows  were  discarded  in  countries  the  agriculture  of  which 
is  somewhat  advanced,  it  had  come  to  be  a  tenet  of  good  practice 
that  the  fallow  land  must  be  ploughed  repeatedly,  so  as  to  bury 
the  half -grown  weeds  as  often  as  a  new  crop  of  them  had  sprung 
up.  The  custom  was  to  apply  manure  to  the  fallow  land,  late  in 
the  spring,  and  when  this  manure  was  ploughed  under,  many  weed 
seeds  germinated,  as  a  matter  of  course,  and  weeds  grew  in  great 
abundance.  But  most  of  these  weeds  were  destroyed,  on  again 
ploughing  the  land.  Thus  the  practice  of  green-manuring  is  in 
some  sense  an  outgrowth  from  the  system  of  fallowing. 

Fallows  were  at  one  time  defended,  it  is  true,  upon  the  ground 
that  all  land  needs  rest  occasionally.  But,  as  was  just  said,  long 
before  the  practice  fell  into  disrepute,  it  had  become  a  feeble  sys- 
tem of  green-manuring,  in  which  the  weeds  constituted  the  green 
crop.  But,  manifestly,  if  it  is  proposed  to  practice  green-manur- 
ing, it  wUl  be  best  to  practice  it  thoroughly.  If  a  field  is  to  be 
given  over  for  a  season  to  tlie  production  of  green  manure,  econ- 
omy demands  that,  by  means  of  some  appropriate  seeding,  it  shall 
be  made  to  produce  a  fair  crop  of  the  desired  manure.  And  it  is 
easy,  by  means  of  light  dressings  of  artificial  fertilizers,  to  grow 
several  tons  of  the  green  crop,  and  so  to  plough  in  a  mass  of  fer- 
tilizing material,  which,  in  so  far  as  mere  weight  goes,  will  com- 
pare favorably  with  a  moderate  manuring  with  dung. 
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Even  if  the  destruction  of  weeds  is  the  thing  specially  desired, 
it  would  be  best  to  grow  a  succession  of  green  crops  throughout 
the  summer,  one  after  another,  upon  the  inverted  sod  of  the  pre- 
vious tender  plants,  and  it  might  often  be  well  to  let  cattle  or  sheep 
run  upon  each  of  these  short  green  crops  a  week  or  so  before 
ploughing  them  under,  in  order  that  some  of  the  best  of  the  forage 
should  be  eaten  off.  Buckwheat  may  be  grown  in  this  way  to  the 
extent  of  three  crops  in  a  single  season,  and  since  the  plants  stand 
close  together,  and  occupy  the  land  completely,  weeds  have  little 
chance  to  thrive.  It  is  said,  moreover,  that  buckwheat,  sown 
veiy  early  in  the  season,  <<  runs  to  leaf,"  and  produces  much  stalk 
and  very  little  grain. 

Mustard  as  Chreen  Manure. 

White  mustard  appears  to  be  particularly  well  suited  for  use  as 
green  manure,  because  no  more  than  6  or  8  weeks  are  needed  for 
it  to  grow.  Two  crops  of  it  may  be  ploughed  under  in  a  single 
season,  and  time  enough  still  be  left  for  seeding  down  the  land 
to  grass  or  grain  in  the  autumn.  In  many  cases,  a  peck  of  seeds 
to  the  acre  is  thought  to  be  enough,  and  only  a  light  ploughing  is 
needed  when  the  crop  is  to  be  buried. 

Several  English  farmers  have  urged  that,  no  matter  whether  the 
year  be  wet  or  dry,  the  foulest  fields  of  strong  land  may  be  cleaned 
in  a  single  season,  and  even  couch-grass  be  completely  destroyed, 
by  growing  three  successive  crops  of  white  mustard  upon  the  land, 
and  ploughing  them  under.  In  case  the  land  is  very  foul,  it  is 
thought  best  to  plough  under  all  the  herbage,  because  the  second 
and  third  crops  will  be  heavier,  in  this  case,  than  if  the  previous 
crop  had  been  eaten  off ;  but  if  the  field  is  moderately  clean,  sheep 
may  be  permitted  to  eat  off  the  bulk  of  each  of  the  crops.  A 
dressing  of  100  bushels  of  lime  (slaked  with  brine)  to  the  acre, 
applied  after  the  first  ploughing,  has  been  found  useful.  About 
one-third  of  a  bushel  of  mustard  seed  is  sown  to  the  acre.  The 
plants  are  ploughed  under  just  as  they  are  bursting  into  flower, 
and  pains  are  taken  to  re-sow  the  land  upon  the  fresh  furrow  the 
very  day  of  the  ploughing,  in  order  that  the  smothering  power  of 
the  new  crop  may  be  brought  into  action  before  any  of  the  half- 
dead  weeds  shall  have  time  to  revive.  It  is  said  that  three  suc- 
cessive crops  of  mustard  lyill  not  only  check  weeds,  but  leave  the 
soil  in  a  condition  almost  as  good  as  if  a  medium  dressing  of 
farmyard-manure  had  been  put  upon  it.     It  is  said  to  be  well  to 
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BOW  a  small  qaantity  of  nitrate  of  soda  upon  the  first  crop  of  the 
green  manure,  in  order  that  it  may  grow  thick  and  strong,  and  be 
the  better  able  to  smother  couch-grass  and  other  weeds.  One  cwt. 
of  the  nitrate  to  the  acre  has  been  known  to  double  the  first  crop  of 
mustard,  and  to  increase  the  succeeding  crops  also,  to  the  manifest 
improvement  of  their  smothering  power.  Some  farmers,  instead 
of  ploughing  under  three  crops  of  mustard,  prefer  to  grow  vetches, 
annual  clover,  or  some  other  foi^ward  crop,  in  the  spring.  After 
this  crop  has  been  fed  off  to  sheep,  there  will  still  be  time  to  get 
two  crops  of  mustard,  to  be  ploughed  under  or  eaten  off,  accord- 
ing to  circumstances. 

Marshall  tells  of  an  experiment  in  which  rape-seed,  sown  late  in 
July,  in  Southern  England  —  on  land  which  was  to  be  sown  in  the 
autumn  with  wheat  —  gave  excellent  pasturage  to  sheep,  which  not 
only  ate  the  rape-plants  with  avidity,  but  preferred  them  to  tur- 
nip-tops. 

Bib  Ploughing  for  Burying  Weeda^  etc. 

There  was  an  old  English  system  of  ploughing,  called  <<  rib- 
bing," that  deserves  to  be  studied  anew  in  connection  with  the 
subject  of  green-manuring.  In  ribbing,  the  plough  was  made  to 
turn  up  a  thin  slice  of  sod,  and  lay  it  over  flat,  face  downward,  on 
the  adjoining  surface  of  undisturbed  sod. 

At  a  proper  distance  from  this  first  furrow,  i.  e.,  at  the  next 
furrow  but  one  to  it,  a  second  slice  of  sod  was  inverted  upon  the 
strip  of  undisturbed  sod  that  had  been  left  to  be  buried ;  and  so 
the  entire  field  was  thrown  into  a  system  of  low  ridges  and  shal- 
low furrows.  The  herbage  was  in  this  way  completely  buried, 
though  only  half  the  surface  of  the  land  had  been  actually  ploughed, 
and  that  with  light  labor. 

In  the  old  English  practice,  the  sods  were  left  thus  buried  face 
to  face  until  the  grass  and  roots  had  rotted,  when  the  entire  sur- 
face of  the  land  was  broken  up  by  means  of  a  heavy  harrow,  or  by 
ploughing  the  field  across. 

It  seems  probable  that  this  method  might  sometimes  be  applied 
with  advantage  upon  land  foul  with  weeds,  in  cases  where  a  cou- 
ple of  crops  of  green  manure  were  to  be  grown  in  a  single  season. 
The  first  crop  of  green  manure  might  be  ribbed  while  the  plants 
were  young,  and  the  second  crop  sown  upon  the  ribs  without  dis- 
turbing them.  Finally,  the  last  crop  would  be  ploughed  under 
crosswise. 
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Perhaps  the  method  of  ribbing  could  be  used  also  for  the  im- 
provement of  old  pastures,  run  out  to  white-top  or  other  useless 
grasses.  For,  with  a  comparatively  small  expenditure  of  labor,  it 
would  be  possible,  in  many  cases,  to  destroy  the  old  grass,  and  to 
bring  the  land  into  such  shape  that  white  clover  and  fine-top,  and 
June-grass  or  orchard-grass,  would  flouiish  upon  it,  when  simply 
sown  on  the  ribs  without  further  tillage,  perhaps  even  without  any 
other  manure  than  the  rottiug  sod  would  give. 
Oreen  Crops  shade  the  Land, 

There  is  one  merit  in  green  manuring  that  has  been  strongly  in- 
sisted upon  by  some  writers ;  viz.,  that  by  shading  the  ground  the 
crop  brings  the  soil  into  a  favorable  condition  of  fermentation, 
whereby  useful  chemical  actions  are  induced  and  maintained,  at 
the  same  time  that  good  physical  conditions  are  insured. 

It  is  undoubtedly  true,  as  regards  the  surface  soil,  that  shade 
does  act  something  like  a  mulch  to  keep  the  land  open  and  mellow, 
as  well  as  to  protect  it  from  the  baking  influence  of  the  sun  and 
the  formation  of  crusts  by  beating  rains.  So  many  weeds  are 
choked  withal  by  the  green  crop,  that  the  land  may  be  cleaned 
thereby  to  an  appreciable  extent.  But,  as  will  be  shown  hereafter, 
the  very  crops  which  shade  the  soil  best,  and  keep  its  surface  mel- 
low, are  precisely  those  which  pump  the  laigest  quantities  of  water 
out  of  the  lower  layers  of  the  soil,  and  tend  to  leave  it  so  dry  that 
succeeding  crops  may  be  injured.  It  is  on  this  account  that  green- 
manuring  is  often  inadmissible  on  land  which  is  to  be  sown  with 
grain  in  the  autumn,  for  it  might  readily  happen  that  so  little 
moisture  would  be  left  in  the  soil  that  the  seeds  could  not  germi- 
nate nor  the  young  grain-plants  grow.  Moreover,  the  good  ef- 
fects of  shade  are  in  no  sense  a  peculiarity  of  the  process  of  green 
manuring.  They  will  be  felt  just  as  strongly  when  the  crop  is  to 
be  harvested  and  used  for  fodder,  as  when  it  is  to  be  ploughed 
under. 

No  matter  how  important  the  shading  of  land  may  be  consid- 
ered, there  is  still  abundant  evidence  to  show  that  the  ploughing- 
under  of  green  plants  is  an  effective  method  of  fertilization.  Thus, 
Schober,  on  harvesting  a  crop  of  turnips  that  had  been  dressed 
with  farmyard-manure,  removed  both  tops  and  bulbs  from  one- 
half  the  field,  while  upon  the  other  half  of  the  land  the  tops  were 
ploughed  under.  The  next  spring,  oats  were  sown  upon  the  en- 
tire field,  and  there  was  harvested  from  the  land  — 
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Wherd  the  tnrnip-toiM  wen  left  ....    2,300  lb.  grain  and  3,700  lb.  straw,  etc. 
Whence  the  tarnip-tope  were  taken .    .    .    1,800     "  **    2,370     "  ** 

Gain  from  the  tomip-tops 600     "  "    1,330     **  ** 

Hlubeck  divided  a  bean-field  into  two  equal  parts,  ploughed  un- 
der the  crop  on  one-half  the  field,  and  carefully  removed  both  crop 
and  roots  from  the  other  half.  Wheat  was  then  sown,  and  it 
yielded  33  measures  of  grain  where  the  land  had  been  fertilized 
by  the  bean-plants,  and  only  22  measures  where  the  bean-crop  had 
been  removed. 

Wollny  divided  a  field  into  plots,  each  of  4  square  metres,  and 
left  some  of  these  plots  fallow,  while  several  kinds  of  plants 
proper  for  green-manuring  were  grown  upon  the  others.  When 
the  plants  were  in  flower,  one  plot  of  each  kind  was  ploughed  un- 
der, while  another  similar  plot  was  mown,  and  the  product  carried 
to  a  fallow  plot,  there  to  be  ploughed  in.  The  stubble  plots  were 
ploughed,  also,  and  the  next  year  peas  were  sown  upon  the  land. 
Comparisons  were  thus  made  as  to  the  fertilizing  effects  produced 
by  roots  left  in  the  land,  tops  carried  to  the  land,  crops  ploughed 
under,  and  bare  fallow.  The  results  of  these  trials  are  set  forth 
in  the  following  table  :  — 

White  Lnpinei.          I.  Rooti  and  etubi 877  1,002 

"            "               n.  The  entire  crop 1,283  1^70 

"           "              III.  Plant!  from  I 1,443  1,880 

White  Mnitaxd.         I.  Roote  and  stnba    .    .    ^ 1,011  1,223 

"            "               IL  The  entire  crop 1,192  1,827 

"            "              III.  Plants  from  I .  1,491  1,668 

Vetehee.                    I.  Rooti  and  stuba 863  1,066 

**                         II.  The  enUra  crop 1,145  1.126 

"                          III.  PUntB  from  I 1,439  1,603 

Buckwheat.                I.  Rooti  and  stnbi 973  1,208 

"                        II.  The  entire  crop ;    .  1,006  1,063 

*'                      III.  Plant!  from  I 1,135  1,429 

Fallow 983  1,237 

The  merits  both  of  fallowing  and  of  green-manuring  are  evi- 
dent from  these  figures,  for  the  green  tops  ploughed  into  land  that 
had  been  refreshed  by  fallowing,  and  from  which  nothing  had  been 
taken  by  the  plants,  gave  better  results  than  were  got  on  the  plota 
that  were  given  over  to  green-manuring  alone. 
Lupines  as  Green  Manure, 

The  ploughing  under  of  lupines  as  a  means  of  fertilizing  land  is 
a  practice  of  the  highest  antiquity.  Pliny  said  of  it,  in  his  time, 
"It  is  univereally  agreed  by  all  writers  that  there  is  nothing 
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more  beneficial  than  to  turn  up  a  crop  of  lupines,  before  they 
have  podded,  or  else  to  cut  them  and  bury  them  in  heaps  at  the 
roots  of  trees  and  vines."  The  white  lupine  has,  in  fact,  been 
used  for  green-manuring,  in  Italy  and  in  Southern  France,  from 
the  earliest  times,  and  it  is  still  habitually  grown  there,  in  some 
sandy  regions,  to  be  ploughed  under,  as  a  forerunner  of  winter 
rye,  and  even  of  winter  wheat.  Efforts  were  made  to  introduce 
it  into  Germany  near  the  beginning  of  the  present  century,  but  it 
gained  no  very  firm  foothold  at  first,  because  animals  refused  to 
eat  the  plant,  and  because  it  often  failed  to  ripen  its  seeds. 
Gradually,  however,  the  white  lupine,  which  had  been  used  solely 
for  green-manuring,  came  to  be  replaced,  in  Germany,  by  the  yel- 
low and  the  blue  lupine,  which  are  suited  by  the  climate,  and 
which,  even  when  not  ploughed  under,  work  very  decidedly  to  en- 
rich sandy  soils.  Both  these  crops,  but  especially  the  yellow  lu- 
pine^  have  tlie  very  great  advantage  over  the  white-flowering  plant, 
that  they  can  be  used,  either  green  or  dry,  as  fodder,  especially 
for  feeding  sheep. 

Since  the  middle  of  this  century,  they  have  been  extensively 
grown  in  several  sandy  districts  of  Germany,  and  the  more  suc- 
culent yellow  lupine,  in  pailicular,  is  esteemed  to  be  a  blessing 
upon  many  poor,  light,  sandy  soils,  in  situations  where  hardly  any 
other  leguminous  plants  can  live.  Land  that  formerly  yielded 
nothing  but  miserable  crops  of  rye,  and  where  even  buckwheat 
was  apt  to  fail  in  dry  seasons,  now  gives  profitable  crops  of  sev- 
eral kinds,  thanks  to  the  introduction  of  the  yellow  lupine  in  the 
courses  of  rotation.  The  lupine  plants  are  said  to  grow  to  a  height 
of  3  or  4  feet,  even  on  the  poorest  soils,  in  case  any  rain  falls  to 
eke  out  the  winter's  supply  of  water. 

Some  farmers  have  reported  that,  if  yellow  lupines  are  mown 
for  hay  before  the  middle  of  July,  so  many  new  shoots  will  spring 
up  from  the  roots  that  the  land  will  be  covered  with  a  new  crop  in 
the  course  of  three  or  four  weeks.  This  second  crop  may  be  mown 
green,  or  left  to  ripen  seeds,  according  as  the  first  crop  was  mown 
late  or  early.  Ordinarily,  the  young  lupine-plants  are  fed  off  to 
sheep,  or  the  mature  crop  is  mown  and  dried  to  hay,  upon  i*acks, 
as  beans  are ;  though,  inasmuch  as  the  hay  and  the  seeds  ob- 
tained from  it  are  somewhat  liable  to  poison  animals,  and  are 
bitter  and  repugnant  to  most  animals  until  they  have  become 
habituated  to  their  use,  there  is  less  incentive  to  harvest  the  crop 
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than  would  otherwise  be  the  ease.  Hence,  a  not  uncommon 
method  of  procedure  is  to  sow  the  yellow  lupines  in  June,  to  roll 
down  the  crop  when  it  is  in  full  flower  and  the  first  pods  are  be- 
ginning to  show,  and  to  plough  the  plants  under.  Some  weeks 
after  the  ploughing,  rye  is  sown,  and  better  crops  of  rye  have  often 
been  got  in  this  way  than  when  the  land  had  been  dressed  with 
faimyard-manure.  Sometimes  the  bulky  lupines  have  to  be  mown 
before  they  can  be  ploughed  under,  and  some  farmers  have  even 
taken  the  trouble  to  rake  the  mown  plants  into  the  furrows. 

In  Southern  countries,  the  lupine  is  not  winter-killed  unless  the 
thermometer  falls  below  7°  F.  (Gasparin) ,  and  in  Italy  it  is  grown 
as  a  stolen  crop,  on  fields  where  grain  has  just  been  harvested, 
and  is  ploughed  under  the  next  spring  in  time  to  permit  the  land 
to  be  prepared  for  the  crop  of  that  year.  But  in  North  Germany 
the  land  has  to  be  given  over  to  the  lupine  crop  during  the  entire 
spring  and  summer. 

Latterly  it  has  been  urged  that  it  will  be  best  to  plough  under 
the  crop,  not  at  the  moment  of  flowering,  but  as  late  as  may  be 
possible,  because  it  has  been  observed  that  the  largest  quantity  of 
nitrogen  is  taken  in  from  the  air  after  the  time  of  flowering,  and 
before  the  seeds  have  become  fully  ripe. 

The  lupine  has  several  peculiarities  which  specially  fit  it  for  use 
as  green  manure.  It  appears,  indeed,  to  be  by  far  the  best  plant 
for  the  purpose  which  has  yet  been  discovered.  It  grows  rapidly, 
even  on  sandy  soils,  and  sends  its  roots  deep  down  into  the  earth ; 
it  stands  drought  well,  and  is  said  to  be  very  little  troubled  by 
insects ;  it  is  leafy  and  voluminous,  so  that  it  shades  the  ground 
abundantly,  and  yields  an  enormous  bui-den  of  organic  matter. 
And,  most  important  of  all,  it  supports  microscopic  fungi  upon 
its  roots,  which  take  nitrogen  from  the  air,  as  has  been  set  forth  in 
the  chapter  on  Symbiosis. 

Lupines  grow  well  on  sandy  and  loamy  soils,  even  on  loams  that 
are  tolerably  rich  in  humus  or  clay.  They  do  not  succeed  on  cold 
or  stiff  or  wet  land,  or  on  very  rich  humus,  or  on  calcareous  soils. 
But  it  is  now  well  known  that  the  prosperity  of  this  plant  depends 
chiefly  on  the  presence,  upon  its  roots,  of  a  parasite  which  has  the 
power  to  take  nitrogen  from  the  air,  and  in  case  the  lupine-crop 
should  not  succeed,  when  grown  in  a  new  locality,  the  first  thing 
to  be  done  would  be  to  scatter  upon  the  new  land  a  quantity  of 
soil  taken  from  an  old  lupine-field,  in  order  to  bring  in  the  root- 

▼OL.  II— 11. 
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bacterium.  Acting  on  this  idea,  Budrin  has  obtained  excellent 
crops  of  lupines  on  light,  sandy  loams.  By  using  composts  also, 
he  got  remarkably  fine  crops;  and  he  urges  that,  by  means  of 
compost,  wood- ashes,  and  ground  phosphate-rock,  lupines  may  be 
grown  on  the  sandiest  soils,  provided  they  are  not  so  situated  that 
a  short  drought  would  ruin  the  crop. 

Effects  of  Oreeii'Manuring. 
The  following  examples  of  results  obtained  by  growing  rye,  after 
green-manuring  with  lupines,  have  been  copied  from  Heiden.  One- 
half  of  a  field  was  sown  with  60  lb.  of  lupine  seeds,  and  the  other 
half  was  left  fallow.  When  the  lupines  were  well  grown,  the  whole 
field  was  ploughed  and  sown  with  I'ye.  In  one  case,  there  were  har- 
vested, in  pounds,  the  following  amounts :  — 

Grain.         Straw  and  Chaff. 

After  the  lupines 632  1072 

After  the  bare  fallow 23i  656 

In  another  case, — 

After  lupines 400  609 

After  bare  fallow 245  503 

In  other  cases,  where  the  stand  of  lupines  was  light,  — 

Grain.  Straw  and  Ctkaff. 

After  lupines 270  and  259  498  and  542 

After  bare  fallow 216    "    191  423    "    388 

In  another  case,  rye  was  grown  on  a  sandy  soil  after  yellow 
lupines,  on  plots  of  24  square  rods,  as  follows :  — 

A,«in         Straw  and 

I.  Where  lupines  were  ploughed  in 96  205 

II.  Where  lupines  were  mown  and  carried  to  III.   .  64  130 

III.  Where  lupines  from  II.  were  ploughed  in  .     .    .  66^^  136 

IV.  After  bare  fallow 56  114 

Examples  of  Qreen^manuring. 
Some  American  examples  of  green-manuring  have  been  reported 
as  follows.  Plough  the  land  in  June,  harrow  in  buckwheat,  and 
plough  the  buckwheat-crop  under  in  August,  or  before  the  seeds 
begin  to  ripen.  Finally,  sow  winter  grain  in  the  autumn.  It  is 
said  to  be  a  good  plan  to  lime  the  land  after  ploughing  in  the  buck- 
wheat; and,  as  a  general  rule,  it  is  thought  to  be  well,  after  a 
green-manuring,  to  apply  lime  at  the  rate  of  some  25  or  30  bush- 
els to  the  acre.  If  the  crop  of  green  manure  be  large,  the  plants 
should  be  rolled  heavily  before  ploughing  them,  so  that  they  may 
be  fully  covered  with  earth,  and  care  should  be  taken  to  bury  them 


EXAMPLES   OF  GBEEN-MAKUBING*  168 

deeply,  so  that  enough  moistare  may  be  retained  to  insure  speedy 
decay. 

Another  way  of  proceeding  is  to  sow  white  turnips  after  the 
buckwheat  above  mentioned  has  been  ploughed  in,  and  to  plough 
under  the  turnips,  in  their  turn,  in  the  spring.  The  turnips  have 
the  merit  that  they  will  continue  to  grow  in  the  autumn  after  the 
early  frosts.  In  some  seasons  they  will  grow  a  good  deal  at  that 
time.  Still  another  way  is  to  sow  rye  on  the  buckwheat-sod,  and 
to  plough  in  the  rye  the  next  May,  when  it  is  3  or  4  feet  high,  and 
plant  Indian  com  upon  the  land. 

P.  Wagner  sowed  peas  and  vetches  in  August  for  three  years, 
on  land  poor  in  nitrogen,  but  which  was  heavily  dressed  with  po- 
tassic  and  phosphatic  fertilizers,  and  carefully  tilled.  He  ploughed 
under  the  luxuriant  green  crops  late  in  the  autumn,  and  sowed 
summer  rye  upon  the  land  the  next  spring.  During  the  three 
years,  the  green  crops  brought  to  the  land  from  the  air,  in  the 
stems  and  leaves  alone,  some  200  kilos  of  nitrogen  to  the  hectare, 
and  the  rye  harvests  were  increased  thereby  to  the  amount  of 
3,300  kilos  of  grain  and  7,500  kilos  straw  to  the  hectare. 

In  case  a  crop  has  been  removed  from  the  land  so  late  in  the 
season  that  turnips  cannot  be  grown  upon  it  for  sale,  rye  may  be 
sown,  either  to  be  pastured  in  late  autumn  and  early  spring,  or  to 
be  cut  green  in  the  spring,  or  to  be  ploughed  under  at  that  time, 
as  circumstances  may  dictate.  Rye  will  grow  freely  in  warm  au- 
tumn weather,  especially  on  moist  low-lying  land,  and  will  not  only 
check  the  growth  of  weeds,  but  pick  up  the  nitrates  in  the  soil, 
and  prevent  them  from  being  washed  away  by  the  rains  of  autumn 
and  spring.  In  so  far  as  this  saving  of  nitrates  is  concerned,  it 
will  usually  be  true  that  the  richer  the  land  the  greater  will  be  the 
need  of  keeping  it  covered  with  growing  crops  during  autumn,  win- 
ter, and  spring,  in  order  to  prevent  leaching  by  rain.  In  summer, 
as  has  been  shown,  comparatively  little  water  soaks  out  from  the 
majority  of  cultivated  fields. 

One  Trouble  toUh  Cheen-manuring. 

It  is  commonly  taught  that  green-manuring  is  specially  adapted 
to  sandy  soils  in  climates  that  are  rather  dry,  though  it  has  often 
been  employed  with  advantage  on  heavy  land.  But  there  is  one 
danger  that  needs  to  be  kept  in  view  and  guarded  against  when 
possible.  On  light  land,  serious  trouble  might  ensue  if  a  drought 
should  set  in  immediately  after  a  green  crop  had  been  ploughed 
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under.  For,  unless  there  be  moisture  enough  in  the  soil  to  rot  the 
buried  plants,  the  field  would  be  left  in  a  bad  condition.  In  case 
of  need,  the  land  should  be  rolled  after  the  ploughing,  and  it  might 
even  be  subsequently  harrowed  lightly,  i.  e.  cultivated  a  little  at 
the  surface,  to  prevent  the  moisture  from  drying  out  from  the 
rolled  earth. 

It  ha&  even  been  noticed,  on  light  sandy  loams,  that  strawy 
horse-manure  may  sometimes  give  lighter  crops  than  cow-manure, 
because  of  too  much  lightening  up  of  the  soil.  That  the  converse 
of  this  is  true,  as  a  general  rule,  is  well  known,  horse-manure  be- 
ing specially  esteemed  for  cold,  heavy  soils. 

Manifestly,  green-manuring  is  a  method  of  fertilization  that 
needs  to  be  used  with  care.  It  will  probably  serve  a  better  pur- 
pose in  districts  where  the  soils  are  calcareous  than  in  regions  of 
barren  silicious  gravels,  like  the  vicinity  of  Boston.  But  it  will 
always  be  safest,  in  the  beginning,  to  experiment  with  the  process 
cautiously  before  subjecting  one's  self  to  expensive  risks.  If  the 
condition  of  the  soil  is  favorable  as  regards  moisture  and  texture, 
green-manuring  might  be  a  valuable  resource.  But  if  the  con- 
ditions are  unfavorable,  the  ploughing-in  of  green  crops  might  do 
more  harm  than  good,  and  involve  the  operator  in  wasteful  ex- 
penditures. 

After  all  has  been  said  that  can  be  in  favor  of  the  system,  it  still 
remains  true  that,  excepting  old  sod-land,  green-manuring  is  a  re- 
source for  the  landscape  gardener  rather  than  for  the  farmer.  It 
may  serve  a  good  purpose  in  cases  where  waste  pieces  of  land  need 
to  be  beautified  quickly  and  at  small  cost ;  but  under  the  arrange- 
ments that  commonly  exist  upon  farms,  nowadays,  it  will  usually 
be  found  more  economical,  as  has  been  said,  to  harvest  any  green 
forage  that  may  be  grown,  and  to  feed  it  out  to  animals  whose 
dung  will  be  returned  to  the  land  at  some  appropriate  moment  in 
the  course  of  a  judicious  rotation  of  crops.  For  the  owners  of 
most  farms,  especially  if  their  land  be  fertile,  it  is  from  the  scien- 
tific point  of  view,  and  not  from  the  practical  or  economic,  that 
green-manuring  is  to  be  regarded  as  interesting  and  philosophical. 
Transported  Green  Manure. 

A  practice  akin  to  green-manuring,  and  probably  an  outgrowth 
from  the  Roman  custom  of  dressing  vineyards  witli  green  plants, 
is  seen  at  the  south  of  France  —  in  certain  localities  that  are  too 
dry  to  admit  of  growing  forage  for  maintaining  animals  —  where 
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the  vineyards  are  mulched  and  manured  with  the  hay  of  sedges 
and  rushes,  and  other  swamp-plants,  which  are  mown  on  land  that 
is  too  wet  to  be  cultivated.  Sometimes  the  hay  is  transported  to 
distances  as  great  as  25  or  80  miles  (Gasparin).  So,  too,  in  Ire- 
land, fern  cut  in  the  autumn  is  sometimes  left  to  rot  upon  the  beds 
where  potatoes  are  to  be  grown  next  year,  and  good  crops  of 
tubers  are  obtained.    (A.  Young.) 

Straw  of  Grain. 

The  value  of  straw  as  manure  is  evidently  less  than  that  of  green 
crops ;  for  there  is  necessarily  less  nitrogen  in  straw,  and  a  smaller 
proportion  of  those  inorganic  matters  which  are  valuable,  than 
there  is  in  young  herbage.  It  is  known  that,  as  the  seeds  of  a 
plant  ripen,  most  of  the  phosphoric  acid  and  nitrogen,  and  much 
of  the  other  specially  useful  ingredients,  pass  up  out  of  the  stalk 
of  the  plant  into  the  seeds. 

According  to  Stoeckhardt,  2,000  lb.  of  absolutely  dry  straw 
contain  — 

WtaMt.  Rye.  Barley.  Oate. 

Organic  matter 1,920  1,940  1,910  1,900 

Nitrogen  therein 8  6  6  6 

Inorganic  matter 80  60  90  100 

Potash  and  soda 12  11  24  28 

Lime  said  magnesia  ....  6  7  10  10 

Phosphoric  acid 4  2^  4  3 

Silica 66  36  46  60 

Of  course,  these  numbers  are  mere  approximations  to  an  av- 
erage. In  special  cases,  where  the  crop  has  been  heavily  ma- 
nured, or  the  season  has  been  moist,  though  not  over  wet,  the 
amount  of  nitrogen  may  be  twice  as  large  as  is  here  given.  It  is 
to  be  observed,  also,  that  the  figures  refer  to  straw  dried  at  the 
temperature  of  boiling  water.  Ordinary  straw  contains  some  8  or 
10  or  12  %  of  moisture. 

It  is  a  matter  of  experience  that  the  nitrogen  in  straw  is  less 
efficient  than  that  in  green  vegetable  manner.  In  fact,  the  chief 
value  of  straw,  considered  as  a  fertilizer,  must  be  attributed  to 
the  ash- ingredients  which  are  contained  in  it;  though  the  mere 
organic  matter  of  straw  is  useful  also  in  that  it  serves  as  food  for 
the  microscopic  organisms  which  bring  about  decay  and  fer- 
mentations. 

Some  interesting  Saxon  experiments  bearing  upon  the  value  of 
straw  are  quoted  by  Stoeckhardt.    A  farmer  manured  his  land  for 
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several  years  with  a  couple  of  swamp-plants,  —  one  part  of  the 
land  with  the  cat-tail  and  the  other  part  with  the  large  bulrush. 
He  found  that,  while  the  cat-tail  was  a  really  useful  manure,  the 
bulrush  had  scarcely  any  fertilizing  power  for  his  land. 

On  subjecting  samples  of  these  plants  to  analysis,  there  were 
found  in  2,000  lb.  of  the  dry  — 

Cat-tail.  Rash, 

lb.  lb. 

Organic  matter 1,900  1,960 

Ash-ingredients 100  40 

2,000  2,000 

Nitrogen 12  11 

Potash  and  soda 22  1+ 

Lime  and  magnesia ^32  8 

Phosphoric  acid 5^  2 

Silica 8  22 

*  Since  the  proportion  of  nitrogen  and  of  humus-forming  ingredi- 
ents is  nearly  the  same  in  both  plants,  and  the  chief  difference  is 
found  in  the  proportion  of  alkali  compounds  and  phosphoric  acid, 
it  is  fair  to  infer  that  neither  the  nitrogen  nor  the  humus-formers 
are  of  so  much  value  in  these  plants  as  the  inorganic  materials. 
Straw  a  Salable  Crop, 
Reference  will  again  be  made  to  straw,  under  the  headings. 
Dung,  Urine,  Compost,  and  Potash.  Properly  speaking,  however, 
straw  belongs  among  foddering  materials,  and  is  in  most  situa- 
tions worth  more  as  fodder  than  it  is  worth  as  manure.  Moreover, 
in  many  localities  .straw  is  worth  still  more  for  various  purposes 
outside  the  farm  than  it  is  worth  as  fodder  and  manure.  Formerly, 
when  there  were  no  means  of  compressing  straw  for  sale,  or  of 
transporting  it  when  compressed,  it  was  almost  everywhere  re- 
garded as  an  important  resource  for  keeping  up  the  fertility  of 
farms.  But  in  modem  times  there  are  numberless  situations 
where  straw  is  as  readily  salable  at  a  profit  as  any  other  crop,  and 
in  such  cases,  i.  e.  wherever  there  is  a  market  within  reach,  it  is 
evident  that  straw  should  be  sold  as  such,  and  the  price  of  it  ex- 
pended, if  need  be,  in  buying  some  other  form  of  manure.  For 
packing  fragile  articles,  and  for  bedding  men  and  animals  in 
cities,  straw  usually  commands  a  price  which  takes  it  out  of  the 
category  of  manures.  It  should  be  seldom^  if  ever,  thought  of  as 
a  manure  nowadays  in  regions  where  it  is  salable. 
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Sea-weeds, 

Several  sea-plants,  or,  as  the  common  expression  is,  sea-weeds, 
are  largely  used  as  manure  upon  our  own  sea-coast  and  upon  the 
coasts  of  Great  Britain  and  France.  These  sea-weeds  are  of  va- 
rious kinds,  but  in  New  England  the  farmers  usually  divide  them 
into  three  general  classes,  viz.  eel-grass,  rock-weed,  and  sea- 
manure. 

Eel-grass  (Zostera  marina)  may  first  be  treated  of,  not,  how- 
ever, because  of  its  value  as  a  fertilizer,  for  it  is  the  least  valuable 
of  all  the  sea-plants.  On  the  contrary,  it  is  chiefly  interesting  be- 
cause it  so  well  illustrates  what  was  just  now  said  of  straw ;  viz., 
that  the  mere  fact  of  a  thing's  being  of  organic  origin  does  not  in 
any  way  prove  that  it  has  much  value  as  a  manure. 

Eel-grass  is,  in  fact,  a  sort  of  flat  straw ;  it  contains  some  nitro- 
gen (about  1.33  %),  and  a  large  proportion  of  what  might  be 
supposed  to  be  humus-forming  ingredients.  More  than  70  %  of 
the  air-dried  eel-grass  is  organic  matter.  But,  taken  by  itself,  the 
eel-grass  has  little  or  no  fertilizing  power.  It  will  hardly  rot  any- 
where, either  in  the  ground,  in  the  hog-sty,  or  in  the  manure  or 
compost  heap.  It  is  a  distinctly  inconvenient  thing,  moreover,  to 
have  in  the  way  of  the  ploughshare  or  the  dung-fork.  It  has  long 
stood  as  a  kind  of  reproach  among  the  vegetable  manures,  much 
as  leather-scraps  stand  in  the  list  of  animal  products.  For  mulch- 
ing, for  covering  bins  or  piles  of  roots  —  as  a  protection  against 
frost,  mouldiness  and  decay  —  and  for  banking  up,  in  autumn, 
around  stables,  greenhouses,  cisterns,  cellars,  and  pumps,  eel- 
grass  has  been  found  useful,  and  this  is  about  all  that  could  have 
been  said  in  its  favor  until  very  recently.  Considered  as  a  ma- 
nure, it  was  rejected  by  the  farmers  long  ago.  It  had  been  tried 
and  found  wanting  by  numerous  generations  of  men. 

Still,  on  analysis,  it. appears  that  eel-grass  contains  a  consider- 
able proportion  of  fertilizing  matters,  and  there  can  be  no  doubt 
that  it  will  be  found  amenable  to  proper  treatment,  and  will  even- 
tually be  prized  as  a  manure. 

Beside  1^  %  of  nitrogen,  air-dried  eel-grass  contains  1  %  of 
potash  and  0.25  %  of  phosphoric  acid.  The  ashes  of  eel-grass 
contain  7  %  of  potash  and  1^  ^  of  phosphoric  acid,  which  is 
about  as  much  as  is  contained  in  ordinary  house-ashes,  from 
wood  fires. 

The  trouble  with  eel-grass  is,  as  was  said  before,  that  it  will  not 
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rot  in  the  soil.  It  must  be  coerced  in  some  way  in  order  to  make 
its  fertilizing  constituents  available  for  crops.  It  might  be  burned, 
for  example,  to  ashes,  in  oi-der  to  get  the  potash  and  the  phosphoric 
acid ;  or,  much  better,  the  organic  matter  may  be  disorganized  by 
composting  the  grass  with  lime  or  with  rock- weed.  That  is  to  say, 
the  eel-grass  may  either  be  thrown  into  heaps,  with  layers  of  lime 
interpolated  in  order  to  reduce  the  resisting  tissue  to  a  manage- 
able form ;  or  it  may  be  built  into  a  heap,  layer  by  layer,  with  fresh 
rock-weed  or  sea-manure,  and  so  subjected  to  destructive  fer- 
mentation. 

Sea-manure  Proper. 

The  really  fertilizing  sea-plants,  i.  e.  those  which  are  esteemed 
as  fertilizers,  belong  to  the  class  of  Fuci,  including  the  broad  kelp 
or  devil's  apron,  ribbon-kelp,  rock- weed,  and  carrageen,  or  to 
the  class  of  Algae.  All  these  plants  are  highly  mucilaginous,  and 
they  contain  niuch  nitrogen.  They  might  almost  be  compared  to 
flesh,  without  going  very  far  wrong.  When  fresh,  these  plants 
contain  a  very  large  proportion  of  water ;  hence,  when  they  once 
begin  to  decay  and  become  disorganized,  they  melt  down  into  a 
very  small  bulk,  and  seem  almost  to  dissolve  away.  In  this  pro- 
cess of  dissolution,  most  of  the  nitrogen  originally  contained  in  the 
sea-plants  goes  to  waste,  and  a  considerable  proportion  of  their 
ash-ingredients  also  may  soak  into  the  earth.  Hence,  practical 
men  object  to  leave  sea-manure  lying  in  heaps  at  the  heads  of 
beaches  for  more  than  a  few  hours.  It  is  because  of  this  rapid 
depreciation  that  farmers  very  much  prefer  to  collect  sea-plants 
which  have  just  been  torn  up-  by  storms,  or  to  pull  or  cut  rock- 
weed  directly  from  the  rocks,  rather  than  to  cart  away  sea-manure 
which  has  once  before  been  thrown  up  by  the  waves  and  then 
washed  away  again  for  a  time,  after  it  had  begun  to  decay. 

From  the  fact  that  the  tender  organic  matter  of  the  sea-plants 
decomposes  so  easily,  and  that  the  plants  themselves  have  no 
power  of  absorbing  liquids  such  as  is  possessed  by  straw  and 
leaves,  there  can  be  nothing  gained  for  the  sea-manure,  either  by 
composting  it  or  by  allowing  it  to  feiment  before  it  is  applied  to 
the  land.  It  may,  however,  be  used  as  a  sort  of  yeast  to  induce 
the  fermentation  of  eel-grass  or  peat ;  i.  e.  to  improve  these  ma- 
terials. Practice  accords  with  theory  in  this  particular,  sea-ma- 
nure being  usually  either  ploughed  in  green  or  spread  upon  the 
land  as  a  top-dressing  in  as  fresh  a  state  as  it  can  be  procured. 
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In  either  case,  the  sea-manure  decays  very  rapidly,  except  in  times 
of  drought,  and  produces  its  chief  effect  upon  the  first  crop.  When 
ploughed  under,  it  tends  to  make  the  soil  open  and  friable.  The 
rapid  action  is  in  this  case  one  of  unmitigated  advantage,  for 
wherever  sea-manure  is  to  be  had  at  all,  it  can  generally  be  ob- 
tained one  year  nearly  as  well  as  another,  and  it  may  therefore  be 
supplied  to  the  land  as  often  as  is  desirable. 

It  is  an  easy  matter,  withal,  for  the  farmer  to  keep  a  large  stock 
of  cattle  upon  the  grass  or  other  forage  which  the  sea-manure 
nourishes,  and  so  to  supplement  that  kind  of  manure  by  the  dung 
of  cattle  thus  kept.  But  the  stable-manure,  though  helpful,  is  not 
essential.  There  are  several  islands  on  the  coast  of  France  where 
sea-weeds  and  the  ashes  of  dung  are  the  only  manures  employed 
upon  the  farms.  Cattle  are  kept,  indeed,  in  large  numbers,  but 
the  dung  is  all  dried  and  used  for  fuel. 

On  the  island  of  Jersey,  in  the  English  channel,  the  sea-weeds 
thrown  ashore  by  the  winter  storms  are  esteemed  to  be  an  excellent 
application  for  grass.  Herbage  of  excellent  quality  is  produced, 
and  cattle  feed  with  avidity  in  pastures  to  which^  sea-weed  has 
been  applied.  It  is  used  there  also,  together  with  farmyard-ma- 
nure, on  rich  land  for  parsnips,  and  sometimes  for  mangolds  and 
Swedish  turnips,  though  not  for  potatoes,  to  which  it  is  said  to 
impart  a  disagreeable  flavor.  For  parsnips,  a  good  coating  of 
fresh  sea-weed  is  spread  upon  the  land  in  autumn  or  winter,  and 
ploughed  under  2  or  8  inches  deep ;  and  in  the  spring  the  land  is 
dressed  with  20  or  30  tons  to  the  acre  of  farmyard-manure,  which 
is  deeply  buried  with  a  trench  plough. 

Here  in  New  England  there  is  abundant  evidence  of  the  great 
value  of  sea-manure.  If  we  throw  out  of  consideration  some  iso- 
lated tracts  of  rich  calcareous  land,  as  in  Aroostook  County,  and 
the  intervale  farms  of  the  Connecticut  River  and  its  tributaries  — 
which  are  practically  farms  manured  by  way  of  irrigation  —  as 
well  as  those  farms  which  depend  upon  the  manure  derived  from 
great  cities,  and  perhaps  some  farms  upon  Buzzard's  Bay,  Long 
Island  Sound,  and  the  coast  of  Maine,  that  are  based  upon  fish- 
manure  of  one  kind  or  another,  the  only  really  fertile  tracts  in 
New  England  are  to  be  found  back  of  those  sea-beaches  upon 
which  an  abundant  supply  of  sea-weeds  is  thrown  up  by  storms. 

The  strip  of  country  behind  Rye  Beach,  in  New  Hampshire, 
comprising  the  towns  of  Rye,  Greenland,  and  Northampton,  af- 
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fords  a  striking  example  of  this  fact.  Abundant  crops  of  hay,  and 
(in  former  times  more  than  now)  of  potatoes,  are  there  grown  and 
sold  year  after  year,  while  the  country  remains  fertile  and  fortu- 
nate. So,  too,  in  Scotland  and  Ireland,  in  places  where  there  is 
an  abundant  supply  of  sea-weeds,  it  has  sometimes  happened  that 
land  has  been  cropped  with  wheat  and  potatoes  alternately  for  a 
long  series  of  years,  without  suffering  deterioration,  and  without 
any  diminution  of  the  quantity  of  the  produce. 
Sea^manure  vs.  Drought, 

It  is  noteworthy  that  grass-fields  dressed  with  sea-manure  re- 
main green  throughout  the  summer  droughts,  at  times  when  the 
scantily  manured  fields  of  the  interior  are  brown  and  parched.  It 
is  a  general  inile,  that  highly  manured  land  is  better  able  to  hold 
and  to  supply  water  to  crops  than  unmanured  land  is ;  and  it  is  to 
be  presumed,  also,  that  the  constituents  of  the  sea-manure  may 
act  to  improve  the  capillary  power  of  the  soil.  It  is  true,  more- 
over, of  soUs  that  are  kept  in  good  tilth,  and  well  stored  with 
easily  assimilable  supplies  of  plant-food,  that  the  roots  of  crops 
will  penetrate  far  below  the  surface,  and  thus  be  in  position  to  get 
both  water  and  food  from  a  much  larger  reservoir  of  these  com- 
modities t^an  can  possibly  exist,  in  times  of  drought,  in  the 
shallow  surface  soil  of  fields  that  have  neither  been  tilled  nor 
manured. 

At  Rye  Beach,  the  use  of  the  sea-manure  extends  some  8  or  10 
miles  back  into  the  country,  and  to  a  less  extent  even  to  12  or  14 
miles.  The  high  estimation  in  which  sea-manure  is  held  in  places 
where  it  can  be  got  is  well  illustrated  by  iin  observation  of  Arthur 
Young.  At  a  locality  on  the  west  coast  of  Ireland  he  found  that 
the  peasantry  esteemed  one  load  of  sea-manure  to  be  woi*th  at 
least  6  loads  of  dung.  <^  It  is  so  strong  that  they  depend  entirely 
on  it,  and  will  not  be  at  the  trouble  to  carry  out  their  own  dung- 
hills. On  the  shore,  they  actually  let  their  dunghills  accumulate 
till  they  become  such  a  nuisance  that  they  move  their  cabins  in 
order  to  get  from  them."  So,  too,  it  is  a  matter  of  history  that 
on  the  Orkney  Islands  farmyard-dung  was  formerly  considered  so 
inferior  to  sea-weed  as  manure,  that  no  one  used  it.  It  was  al- 
lowed to  accumulate  in  heaps,  or  was  carried  to  some  convenient 
plax^e  where  it  could  be  put  into  the  sea.  It  has  been  said  in 
1874,  that  within  the  recollection  of  living  men  the  tenants  upon 
one  of  the  islands  were  bound  to  clear  out  the  laird's  dung-courts 
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once  a  year  and  carry  the  stuff  to  the  sea-beach,  where  it  was 
washed  away  by  the  tide.  One  farm  was  thought  to  possess  a 
great  advantage  in  that  the  dung  could  be  thrown  from  the  cow- 
stables  directly  into  the  sea.     (Pringle.) 

Sea-Manure  is  Watery. 

It  is  the  enormous  amount  of  useless  water  which  has  to  be 
transported  in  the  sea-weeds  that  practically  limits  their  use  to 
the  immediate  vicinity  of  beaches ;  it  explains,  too,  the  popular 
impression  that  this  kind  of  manure  is  transient  in  its  effects,  and 
needs  to  be  frequently  renewed.  For  in  view  of  the  large  pro- 
portion of  water  in  sea-manure  the  proportion  of  other  things  that 
are  contained  in  it  must  be  small,  and  the  land  is  really  manured 
very  lightly  in  using  it,  although  the  farmer  may  haul  and  dis- 
tribute a  great  mass  of  bulky  material. 

It  is  because  of  its  containing  so  much  water,  doubtless,  that 
in  a  cold  countiy  like  Sweden  the  peasants,  as  noticed  by  Linnseus, 
do  not  put  sea-manure  in  the  fresh  state  upon  wet  soils.  It  would 
be  slow  to  ferment  and  decay  there. 

One  advantage  which  the  sea-manure  shares  with  the  commer- 
cial fertilizers  is  its  entire  freedom  from  the  seeds  of  weeds,  the 
spores  of  fungi,  and  the  eggs  of  insects.  It  is  a  comparatively 
easy  matter  to  keep  a  farm  clean  and  in  good  heart  when  there  is 
no  innumerable  host  of  weeds  to  overrun  the  land,  to  dissipate  its 
moisture  and  sap  its  strength,  and  to  distract  the  farmer  and  hin- 
der him  from  tilling  the  land  as  he  would  like  to  do.  According 
to  Evelyn,  *'  dung  is  the  nurse  of  vermin." 

The  growth  of  sea- weeds  is  often  very  rapid.  It  is  recorded  of 
a  rock  on  the  coast  of  Scotland  which  is  uncovered  only  at  the 
lowest  tides,  that  it  was  one  year  chiselled  smooth  in  November, 
and  that  on  the  following  May,  less  than  six  months  afterwards, 
it  was  thickly  covered  with  ribbon  kelp  two  feet  long,  and  ordinary 
kelp  six  feet  long. 

Composition  of  Sea-weeds. 

Analyses  of  various  kinds  of  fuci  by  Anderson,  Forchhammer, 
Marchand  and  others  show  that  these  weeds  contain  when  fresh 
70  to  80%  of  water,  0.33%  of  nitrogen,  18  to  24%  of  organic 
matter,  and  3  or  4  or  even  5  or  6%  of  ashes.  In  100  parts  of 
the  ashes  there  are  contained  10  or  12  or  15  or  even  20%  of 
potash,  2  or  3%  of  phosphoric  acid,  10  or  12%  of  lime  and  6  or 
7%  of  magnesia.     It  is  to  be  remarked  that  the  percentage  of 
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ashes  Is  very  high ;  Marchand  has  observed  that  it  amounts  to 
from  10  to  20%  of  the  absolutely  dry  weeds.     But  in  ordinary 
cord  wood  there  is  usually  no  more  than  1  or  2%  of  ashes. 
Sea-manure  a  Potassic  Fertilizer. 

It  appears  from  all  this,  that  the  sea- manure,  though  a  *'  com- 
plete manure,"  as  the  term  is,  — i.  e.  one  capable  of  yielding  to 
crops  nitrogen,  phosphoric  acid,  lime,  and  magnesia,  as  well  as 
potash, —r is  nevertheless  specially  rich  in  potash;  and  that  it 
might  be  looked  upon  as  a  potassic  manure,  much  in  the  same 
way  that  guano  is  regarded  as  an  ammoniacal  manure. 

It  will  be  shown  farther  on  that  the  potassic  manures  are  spe- 
cially favorable  to  the  growth  of  clover ;  and  it  is  not  a  little  re- 
markable that  there  is  perhaps  hardly  another  locality  in  New 
England  where  red  clover  may  be  seen  growing  so  freely  and 
abundantly  as  upon  the  tract  of  country  back  of  Rye  Beach,  just 
now  mentioned,  which  has  been  manured  with  sea- weeds  ever  since 
the  country  was  first  settled.  Clover  grows  there  naturally  and 
spontaneously,  in  the  sense  that  it  perpetuates  itself  and  remains 
in  the  land  year  after  year,  much  as  June-grass  does  in  other 
localities. 

Shrinkage  of  Sea-weeds, 

The  facts  that  valuable  sea-weeds  contain  nearly  80%  of  water, 
and  that  eight  tenths  of  all  that  is  not  water  is  a  soft,  easily  de- 
composable form  of  organic  matter,  explain  the  ezti*aordinary 
amount  of  shrinkage  that  is  often  noted  when  heaps  of  sea-manure 
are  left  to  themselves.  Very  large  heaps  have  been  known  to 
disappear  almost  entirely  in  the  course  of  a  couple  of  years,  noth- 
ing remaining  but  a  little  black  fibrous  matter,  which  probably 
represented  the  external  portion  of  the  original  heap  that  had  been 
made  dry  and  crisp  by  the  action  of  the  weather.  It  is  worth 
remarking  that  a  mixture  of  bone-meal  and  sea-manure  would 
make  a  very  complete  manure,  perfectly  competent  to  replace 
dung  in  many  situations. 

Ashes  of  Sea-weeds. 

Beside  using  the  fresh  sea*weeds  directly  as  manure,  it  has  long 
been  customary,  in  several  European  localities,  to  dry  and  burn 
large  quantities  of  sea-weed,  and  to  use  the  ashes  for  purposes  of 
fertilization.  Thus,  on  the  west  coast  of  France,  in  Normandy 
and  Brittany,  the  weeds  are  dried  and  stacked,  and  afterward 
methodically  burned  to  ashes,  in  pits,  in  late  summer.     It  is  to  be 
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remarked  that  a  similar  system  of  burning  prevails  on  the  north- 
west coast  of  Ireland,  and  that  in  Scotland,  also,  dried  sea- weed 
is  burnt  in  kilns ;  but  in  both  these  countries  the  ashes  are  sub- 
jected to  chemical  treatment,  in  order  to  obtain  from  them  iodine 
and  salts  of  potassium  and  sodium,  so  that,  beside  potash  salts, 
the  only  product  available  for  agriculture  is  the  insoluble  coaly 
residue  which  is  left  when  the  ashes  are  lixiviated. 

On  the  islands  in  the  English  Channel,  as  on  the  adjacent 
French  coast,  much  sea-weed  is  burnt.  The  weeds  are  dried  at 
the  tops  of  the  beaches,  and  are  subsequently  kept  in  thatched 
stacks,  near  the  peasants'  houses,  on  the  hearths  of  which  the 
weed  is  burned.  In  each  house  a  constant,  slow,  smouldering  fire 
is  kept  up  by  frequently  adding  to  it  some  of  the  dried  weed. 
The  charred  ashes  are  said  to  be  sold  at  about  12  cents  the  bushel. 
On  the  island  of  Jersey,  these  ashes  are  said  to  be  used  particu- 
larly upon  rich  land  that  is  to  be  laid  down  to  wheat  and  clover. 
Such  land  has  usually  been  highly  manured  for  the  potatoes,  pars- 
nips or  carrots,  which  precede  the  wheat.  It  is  said  that  two  and 
a  half  tons  of  the  ashes  to  the  acre  are  applied  when  the  wheat  is 
sown  in  early  winter,  and  that  when  the  wheat  has  grown  to  a 
height  of  4  or  5  inches,  clover  and  other  grass-seeds  are  sown 
upon  it.  So  large  a  dressing  of  the  ashes  would  seem  to  indi- 
cate that  much  charcoal  and  sand  must  be  admixed  with  them. 
Analyses  by  Golfier-Besseyre,  of  many  samples  of  French  ashes, 
show  that  they  ordinarily  contain  as  much  as  50  %,  and  often 
more,  of  matters  insoluble  in  water.  The  rough  salts  dissolved 
out  by  water  may  contain  from  11  to  44  ^  of  sulphate  of  potash, 
from  12  to  35  ^  of  chloride  of  potassium,  and  from  9  to  70  ^  of 
common  salt.  In  some  specimens,  as  much  as  35  %  of  sulphate 
of  soda  were  found,  and  in  others  none.  From  8  to  15  ^  of  car- 
bonate of  soda  were  found  in  some  instances,  and  little  or  none  in 
othei-s.  These  differences  depend,  of  course,  largely  on  the  vary- 
ing conditions,  as  to  temperature  and  access  of  air,  to  which  the 
weeds  must  have  been  subjected  during  the  process  of  combustion. 

The  residue,  or  leached  ash  from  which  the  soluble  salts  have 
been  removed  by  water,  is  highly  valued  as  a  manure  in  France, 
and  is  said  to  be  carried  to  distances  of  30  miles  in  the  vicinity  of 
iodine  factories. 

Composition  of  Mosses, 

Hoffmann  has  analyzed  a  variety  of  mosses  such  as  are  some- 
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times  used  as  substitutes  for  straw  for  bedding  animals.  He 
found  in  the  air-dried  materials  14  to  18  ^  of  water,  2  to  6  ^  of 
ashes,  78  to  84  ^  of  organic  matter,  and  from  1  to  1^  ^  of  nitro* 
gen.  The  ashes  were  rich  in  potash  and  phosphoric  acid.  One 
sample  of  ash  contained  as  much  as  6  %  of  phosphoric  acid,  and 
in  two  samples  there  was  contained  8  % . 

Satoduat  and  Tan-Bark. 

In  connection  with  straw,  a  few  words  may  be  said  with  regard 
to  sawdust  and  to  spent  tan-bark,  which  often  suggest  themselves 
to  the  farmer  as  fit  materials  for  the  bedding  of  animals  and  for 
the  preparation  of  compost.  Speaking  in  general  terms,  neither 
sawdust  nor  tan-bark  can  be  very  strongly  commended.  They 
do  not  contain  enough  fertilizing  matters  to  make  them  valuable 
as  manure,  and  they  are  distinctly  inferior  to  straw,  leaves,  sods, 
and  peat  as  materials  for  compost,  or  even  for  mulching,  though 
there  are,  of  course,  some  particular  instances  in  which  they  can 
be  made  to  serve  a  good  purpose. 

Tan-bark  is  well-adapted  for  mulching  fruit-trees  and  straw- 
berry-vines in  many  eases,  and  when  dry  it  may  be  used  with  ad- 
vantage for  bedding  animals,  —  excepting  sheep,  whose  wool 
would  be  clogged  by  it,  —  but  it  needs  to  be  kept  under  cover 
until  the  moment  of  use,  in  oi*der  that  it  may  be  diy.  At  one 
time  it  was  thought  that  spent  tan-bark  which  has  lain  for  a  long 
while  in  heaps  and  become  rotten,  was  an  excellent  manure  for 
cold,  stiff  clays,  the  more  especially  because  it  ''  loosens  and 
separates  the  earth.  .  .  .  When  this  manure  has  been  used  3  or 
4  times,  it  has  made  land  very  loose  which  before  was  strong  and 
not  easy  to  be  wrought."     (Duhamel.) 

Dry  sawdust  is  said  to  be  superexcellent  for  bedding  cows, 
since  it  keeps  them  perfectly  clean,  and  is  light  and  easily 
shovelled  and  readily  spread  in  the  fields ;  and  a  somewhat  similar 
remark  will  apply  to  short  shavings  of  wood  such  as  are  produced 
in  planing-mills  and  by  the  turner's  lathe.  Experiments  are  re- 
corded on  a  subsequent  page  which  show  thiat  dry  sawdust  can 
absorb  some  three  times  its  own  weight  of  liquid.  But  on  this 
very  account  the  material  is  not  much  esteemed  for  bedding  horses, 
since  it  is  supposed  to  make  their  hoofs  dry  and  brittle,  and  since 
horse-manure  charged  with  much  sawdust  is  particularly  liable  to 
spoil  in  process  of  fermentation,  because  the  heaps  are  so  light 
and  dry.     Even  cow-manure  admixed  with  sawdust  may  firefang, 
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like  horse- manure,  in  the  course  of  a  fortnight,  if  left  in  a  large 
heap.  It  is  well  to  haul  it  out  as  fast  as  it  is  made,  and  to  leave 
it  in  small  heaps  on  the  fields  to  which  it  is  to  be  applied. 

It  is  not  improbable  that  sawdust  may  sometimes  play  a  more 
important  pail  in  compost-heaps  made  with  cow-manure  than  was 
at  one  time  supposed,  for  practical  experience  has  shown  that 
sawdust  serves  very  weU  for  fermenting  bone-meal  when  the  two 
substances  are  mixed  in  equal  weights  and  kept  in  a  moist  heap. 

The  question  of  the  chemical  composition  of  sawdust,  tan-bark, 
and  leached  dyewoods  has  been  treated  of  at  considerable  length 
in  an  article  in  Vol.  II,  p.  26,  of  the  Bulletin  of  the  Bussey  Insti- 
tution, to  which  the  reader  is  referred. 

Sawdust  is  poor  in  organic  constituents,  though  in  respect  to 
nitrogen  it  contains  more  than  straw.  Indeed,  the  best  use  for 
sawdust  (agriculturally  speaking)  is  for  bedding  neat  cattle,  care 
being  taken,  of  course,  to  sift  out  all  splinters  and  lumps,  such 
as  knots. 

Spent  tan  is  poor  in  everything,  and  is  practically  useless, 
except  as  a  mulch,  or  for  altering  the  texture  of  soil. 

The  following  table  of  comparisons  is  from  the  Bussey  Bulletin, 
Vol.  II,  p.  50 :  — 

T>.»r>«»*<«#  Sft^-       Soent  a*«.«  Eel-       Twin  with      BMtAntamn 

Per  Cent  of  ^^^^       ^  Btmw.  ^^^        Live*.  Le«Tei. 

Potash 0.10         0.06  0.60  to  1.00        1.02  0.88  0.10  to  0.60 

Phoep.  Acid  ...    0.05  0.04  0.20  "  0.30         0.23  0.33  0.06  "  0.30 

Nitrogen    ....    1.00         0.16  0.83  1.30      1.28  to  2.84  0.75 

It  will  be  noticed  in  this  enumeration  that  the  fertilizing  value  of 
young  twigs  is  really  very  high.  Cato  in  his  time  directed  that, 
<^  If  a  vine  should  happen  to  be  but  poor  and  meagre,  prune  the 
shoots  of  it  and  plough  them  in  round  about  it." 


CHAPTER  XVIII. 

HUMUS,    OB  VEGETABLE   MOULD. 

The  importance  of  humus  as  a  source  of  nitrogen  is  most  con- 
spicuous when  wild  plants  are  considered.  In  spite  of  all  that  may 
be  said  of  the  importance  of  Symbiosis,  it  still  remains  true  that  it 
is  from  the  humus  of  the  soil  that  most  plants,  growing  naturally, 
derive  the  greater  part  of  their  nitrogenous  food. 

Some  nitrogen,  indeed,  comes  to  all  land  with  the  rain  and  dew 
that  fall  upon  it.     But  the  amount  of  this  atmospheric  nitrogen 
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brought  down  by  rain  is  comparatively  small,  and  is,  by  itself,  no 
more  than  sufiScient  to  nourish  a  sparse  vegetation,  or  vegetation 
of  a  very  low  order.  Some  assimilable  nitrogen,  in  the  form  of  ni- 
trates, is  found  in  the  waters  of  brooks  also ;  and  the  plants  which 
have  access  to  such  waters  profit  by  the  nitrates  that  are  contained 
in  them,  as  will  be  shown  under  the  head  of  Irrigation.  But  only 
comparatively  few  plants  are  so  situated  that  they  can  be  nourished 
by  brook- water ;  and,  besides,  a  good  part  of  the  nitrogen  in  such 
water  is  derived,  doubtless,  from  the  oxidation  of  humus,  up  the 
stream. 

As  has  been  shown,  some  free  nitrogen  from  the  air  is  oxidized 
by  electrical  discharges,  and  as  an  incident  to  combustion,  and  so 
made  available  for  feeding  plants.  Some  is  fixed  in  the  soil  by 
micro-organisms,  living  there,  which  can  absorb  free  nitrogen  from 
the  air,  and  much  nitrogen  is  brought  to  leguminous  crops,  and  to 
various  other  plants,  by  microscopic  parasites  which  feed  upon  their 
roots.  But  the  fact  remains,  nevertheless,  that  humus  must  be 
looked  to  as  of  paramount  importance  for  supplying  nitrogen  to 
many  kinds  of  plants. 

Humus  a  Reservoir  of  Nitrogen. 

One  of  the  most  important  attributes  of  humus,  as  found  in  fields 
and  in  swamps,  depends  upon  the  fact  that  it  is  a  reservoir  of  ni- 
trogen, which  has  been  accumulated  upon  the  land  by  the  genera- 
tions of  plants  which  have  lived  and  died  there.  The  lichens  which 
appear  on  the  bare  rock  with  the  fii-st  suggestion  of  disintegration, 
take  in  nitrogen  from  the  air,  and  convert  it  into  vegetable  matter, 
while  the  mosses  and  hardy  plants  which  succeed  them  all  accumu- 
late nitrogen  from  the  waters  by  which  they  are  nourished, — 
much  as  the  swamp-mosses  accumulate  it  to  be  stored  in  peat ; 
and  they  yield  after  death  a  nitrogenized  humus  which  tends  to  in- 
crease in  quantity  in  temperate  climates  as  long  as  the  land  or  bog 
is  left  under  the  natural  conditions,  i.  e.  covered  with  vegetation, 
and  neither  exposed  to  fires  nor  to  the  denuding  action  of  water. 
In  all  such  cases,  the  humus  appears  to  have  accumulated  in  the 
places  where  it  is  found,  by  virtue  of  plant- food  which  has  been 
gradually  brought  to  those  particular  spots,  from  other  localities, 
by  means  of  water.  This  store  of  humus  is  capable  of  supplying 
nitrogenous  food  to  many  successions  of  crops,  when  the  land 
comes  to  be  cultivated,  and  to  be  subjected  to  processes  of  nitri- 
fication. 
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Tke^CJiaracter  of  Humv^s  varies  with  the  Climate, 
Humus  may  assume  very  diflferent  conditions,  according  to  cli- 
matic and  other  circumstances  to  which  it  is  exposed.  But  the 
fact  of  its  accumulation  in  countries  that  are  neither  too  hot  nor 
too  dry  is  none  the  less  a  general  fact.  In  temperate  climates, 
peat  is  often  formed,  while  within  the  tropics  peat  is  said  to  be 
unknown,  except  upon  high  mountains  at  an  elevation  of  several 
thousand  feet  above  the  sea-level.  In  hot  climates,  the  surplus 
humus  occasionally  collects  in  enormous  beds  of  black  mould  of 
extraordinary  fertility.  But  in  cold,  high  latitudes,  the  tendency 
is  to  form  moorland  rather  than  peat-beds,  at  least  in  many  situa- 
tions ;  and  there  are  thousands  of  miles  covered  witii  a  deep  black 
humus,  rich  in  nitrogen,  it  is  true,  but  cold  and  sour,  and  well- 
nigh  unfit  for  the  support  of  plants.  A  somewhat  similar  product 
occurs  in  New  England  as  a  cold,  sour,  black  earth  found  at  the 
tops  of  high  hills. 

Even  in  middle  and  southern  Europe,  very  remarkable  contrasts 
are  to  be  seen,  as  between  the  moor-earth  of  northern  Germany, 
the  sour  humus  of  some  parts  of  France,  and  the  famous  black 
earth  of  central  Russia.  The  Russian  black  earth  is  a  soil  of  ex- 
traordinary natural  fertility,  which  has  long  been  celebrated  for 
producing  continually  great  crops  of  wheat  and  grass.  It  covers 
a  wide  extent  of  territory,  and  appears  to  have  been  formed  by 
the  accumulation  of  mild  humus  in  and  upon  beds  of  fine  mud  or 
silt  that  were  originally  deposited  at  the  bottom  of  an  ocean,  and 
subsequently  upheaved.  It  has  been  argued  that,  as  the  land 
slowly  emerged  from  the  water,  the  silt  probably  remained  for  a 
long  time  in  a  miry  state  favorable  for  the  growth  of  humus-pro- 
ducing plants.  This  black  earth  is  rich  in  nitrogen  of  good  quality, 
and  contains  ample  stores  of  phosphates  and  of  other  forms  of 
plant-food.  It  is  a  formation  of  so  much  importance  that  refer- 
ence is  sometimes  made  to  it  as  if  it  were  a  national  characteristic. 
According  to  the  Danish  author,  Brandes,  ^<The  Russians  have 
an  expression,  Chemoziom  —  the  black  earth-mould.  They  mean 
by  it  the  broad  and  deep  belt  of  fertile  soil,  humus^  which  extends 
from  Podolia  to  Kasan,  and  even  across  Ural  into  Siberia.  The 
wonderful  fertility  of  this  soil  is  ascribed  to  the  slow  decay  of  the 
grass  of  the  Steppes,  which  has  been  going  on  for  centuries.  The 
richest  and  broadest  Russian  natures  remind  one  of  this  belt  of 
rich  soil." 

VOL.  II  - 12 
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Beside  differences  so  radical  as  the  foregoing,  a  grpat  variety  of 
products  is  necessarily  comprised  within  the  meaning  of  the  term 
'^  humus,"  since  the  substances  which  result  from  the  decompo- 
sition of  organic  matters  differ  fi*om  one  another  materially,  ac- 
coi^ding  as  the  decomposition  has  been  slow  or  rapid,  and  as  it  has 
occurred  in  heaps  or  beds,  or  in  the  manure-heap,  in  the  soil,  or 
under  water.  As  here  used,  the  term  ^^  humus  "  includes  peat  and 
swamp  muck  and  vegetable  mould,  and  the  organic  portion  of  all 
the  earth-like  products  that  result  from  the  decay  of  vegetable  or 
animal  matters. 

Conditions  favorable  for  forming  Humus, 

It  is  to  be  noticed  that  the  circumstances  which  favor  the  forma- 
tion of  humus  are  somewhat  peculiar,  as  regards  access  of  air  and 
moisture.  If  the  decaying  vegetable  matter — say  the  leaves  of 
trees — were  but  supplied  from  the  first  with  an  excess  of  air,  and 
kept  somewhat  moist  and  warm,  it  would  soon  oxidize  completely 
to  carbonic  acid,  water,  ammonia,  and  nitrates,  and  perhaps  free 
nitrogen.  It  would  be  consumed,  in  fact,  as  if  by  fire,  so  that 
nothing  would  be  left  upon  the  land  but  a  little  ashes.  But  under 
the  conditions  which  actuaUy  obtain  in  temperate  or  cold  climates, 
the  leaves,  or  what  not,  accumulate  in  damp  beds,  thanks  to  the 
action  of  wind  or  flowing  water,  or  they  are  buried  more  or  less 
completely  beneath  other  leaves ;  so  that  the  supply  of  oxygen  that 
reaches  them  is  limited,  and  the  process  of  combustion  is  checked 
far  short  of  the  final  products  of  which  mention  was  just  now  made. 
Every  farmer  is  familiar  with  the  great  differences  exhibited  by 
humus  accordingly  as  it  is  cold  and  sour,  when  formed  in  places 
surcharged  with  water,  to  which  air  can  have  no  easy  access,  or 
ripe  and  mellow,  as  it  occurs  in  soils  which  are  fairly  dry  and  well 
aerated.  In  case  the  vegetable  matter  is  immersed  wholly  or  in 
part  in  water,  so  much  the  slower  will  the  oxidation  be.  But  in 
warm,  open  air,  the  reactions  are  very  different.  For  example, 
Mr.  Smith,  in  describing  the  great  forests  on  the  Amazon,  writes 
as  follows :  — 

^^  How  are  the  trees  nourished?  The  ground  is  sandy,  as  it  is 
almost  everywhere  along  the  Amazons,  and  not  very  rich ;  it  is 
nearly  bare  above,  for  mould  does  not  form  in  the  tropics,  except 
about  swampy  places.  At  the  North,  the  leaves  fall  together  and 
rot  under  the  snow ;  but  here  they  drop  one  by  one,  all  through  the 
year ;  they  dry  up,  are  broken  to  dust,  and  so  pass  away  in  the  air. 
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Fallen  logs  and  branches  are  eaten  by  insects.     There  is  nothing 
left  to  form  a  rich  soil  of. 

^^  In  fact,  it  is  a  mistake  to  suppose  that  all  this  rampant  tropi- 
cal growth  depends  on  any  inherent  fertility  of  the  ground.  The 
sun  and  the  moist  air  [and  he  might  have  added,  the  enormously 
rapid  nitrification]  make  up  for  barren  soil.  Beside  the  rains, 
there  are  the  heavy  dews,  and  the  winds  are  always  soaked  with 
moisture.  The  sand  has  no  [visible]  richness  of  its  own,  but  it 
aids  growth  by  carrying  rain  to  the  thirsty  roots.  Water  does 
not  collect  at  the  surface;  it  sinks  at  once,  and  is  evenly  dis- 
tributed to  a  great  depth,  and  in  this  climate  the  ground  has  no 
chance  to  dry  up." 

So,  too,  when  land  in  temperate  climates,  instead  of  being  left 
to  itself,  comes  to  be  cultivated,  there  will  then  be  in  many  cases 
a  constant  drain  upon  the  humus ;  and  in  order  to  keep  up  the  fer- 
tility of  the  field,  there  may  sometimes  be  need  of  applying  to  it 
new  quantities  of  nitrogen,  either  in  the  form  of  farmyard*  manure, 
of  leguminous  crops,  of  artificial  fertilizers,  or  of  peat  taken  from  ' 
some  place  where  humus  has  accumulated  in  excess.  It  is  recog- 
nized nowadays  that  the  farmers  are  wholly  right  in  attaching  great 
importance  to  the  preservation  of  humus  in  their  fields,  though  the 
old  theories  by  which  the  practice  has  been  justified  are  for  the 
most  part  untenable. 

•    Humus  proper  resiata  Decay, 

In  temperate  climates,  when  vegetable  matters  are  first  exposed 
to  decay,  most  of  the  available  oxygen  that  happens  to  be  in  the 
vicinity  is  speedily  used  up  by  combining  with  those  portions  of 
the  substance  which  decompose  most  readily.  In  other  words,  the 
more  tender  portions  of  the  vegetable  matter  are  converted  into 
carbonic  acid  and  water,  —  chiefly  by  the  action  of  micro-organ- 
isms, —  while  a  residuum  of  humus  is  left.  But  when  once  formed, 
this  humus  has  considerable  power  to  resist  further  change.  There 
are  formed,  dunng  the  first  stages  of  decay,  a  number  of  solid 
products,  of  such  character  that  they  do  not  readily  suffer  further 
decomposition,  or  take  on  more  oxygen,  so  long  as  they  remain 
BOggy  and  not  freely  exposed  to  the  air.  Hence  the  accumulation 
of  humus  in  woodlands,  pastures,  swamps,  and  bogs,  where  vege- 
table matter  is  supplied  in  abundance  under  conditions  that  hinder 
the  access  of  oxygen. 
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Old  Humus  specially  Resistant. 

Humus  does,  of  course,  slowly  oxidize  in  the  soil  when  exposed 
to  the  air,  and,  in  general,  it  changes  more  or  less  rapidly,  ac- 
cording as  it  is  new  or  old.  It  should  be  said,  indeed,  that  the 
destruction  of  the  tender  portions  of  the  original  vegetable  matter, 
as  just  now  described,  can  hardly  be  regarded  as  of  the  nature  of 
a  definite  step.  After  the  tenderest  portions  of  the  plant  have 
wasted  away,  the  less  tender  will  be  acted  upon  in  their  turn,  and 
so  on  continually  so  long  as  anything  is  left.  It  is  true  only  that 
in  the  main  the  decomposing  action  proceeds  more  and  more  slowly 
in  proportion  as  the  humus  becomes  older.  It  is  a  familiar  ob- 
servation that  a  heap  of  green  weeds  will  decay  rapidly  at  first, 
while  a  heap  of  peat  or  loam,  subjected  to  similar  conditions,  will 
decay  slowly.  But  when  the  first  hot  fermentation  of  the  weeds 
has  run  its  course,  there  will  be  left  a  quantity  of  humus,  which 
will  decay  but  slowly.  Lawes  and  Gilbert  have  determined,  in 
soils  taken  from  several  of  their  experimental  wheat-fields,  the 
relation  which  the  carbon  in  the  humus  bears  to  the  nitrogen. 
Thus,  on  unmanured  land,  they  found  10  of  carbon  to  1  of  nitro- 
gen ;  on  land  dressed  with  farmyard-manure  there  was  nearly  12 
of  carbon  to  1  of  nitrogen,  and  on  land  fertilized  with  a  mixture 
of  minerals  and  ammonium  salts,  the  proportion  was  as  10.5  to  1. 
But  in  farmyard  manure  the  relationship  between  carbon  and  ni- 
trogen is  as  25  to  1 .  Here,  again,  is  evidence  of* the  fact  that  the 
carbon  in  vegetable  remains  often  goes  to  waste  more  rapidly  dur- 
ing processes  of  slow  decay  than  the  niti'ogen  does.  So,  too,  the 
character  of  the  organic  matter  in  a  surface  soil  is  usually  dis- 
tinctly different  from  that  in  the  subsoil.  The  uppermost  9  inches 
of  old  pasture- soils  at  Rothamsted,  freed  from  roots,  contain  13 
of  carbon  to  1  of  nitrogen,  while  in  the  clay  subsoil  taken  below 
3  feet  from  the  surface  the  proportion  of  carbon  to  nitrogen  is  as 
6  to  1 .  In  soils  from  Manitoba,  taken  to  a  depth  of  one  foot,  the 
relation  of  carbon  to  nitrogen  was  as  from  12  to  14  to  1.  The 
experiments  of  Lawes  and  Gilbert  tend  to  show  that  the  nitro- 
genous organic  matter  in  subsoils  is  not  so  readily  nitrified  as  that 
of  surface  soils. 

Waste  of  Humus  by  TiUage. 

But,  while  humus  may  accumulate  in  forests,  pastures,  clover- 
fields,  and  boggy  places  where  the  land  is  constantly  covered  with 
vegetation,  it  may  speedily  go  to  waste  when  the  soil  is  loosened 
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by  tillage.  It  was  observed  by  Humboldt  long  ago,  then  by 
Schuebler,  and  latterly  by  many  chemists,  that  moist  humus  ab- 
sorbs oxygen  freely  from  the  air,  and  that  the  higher  the  tempera- 
ture so  much  the  more  rapid  is  the  absorption  of  oxygen.  On  the 
other  hand,  several  chemists  have  experimented  as  to  the  rate  at 
which  humus  wastes  away  from  cultivated  fields,  and  their  ob- 
servations go  to  show  that  this  waste  is  sometimes  very  rapid. 
Thus  Boussingault  found  that  a  sample  of  rich  soil  from  his  gar- 
den in  Alsatia,  which  had  been  heavily  manured  with  dung  for 
many  years,  lost  one- third  of  its  carbon  when  it  was  exposed  to 
the  air,  and  watered  daily,  during  the  three  summer  months,  July, 
August,  and  September.  At  the  beginning  of  the  experiment 
there  was  2.43  ^  of  carbon  in  the  soil,  and  at  the  close,  1.6  ^ ; 
the  loss  was  0.83  ^. 

Stoeckhardt,  also,  in  a  set  of  experiments,  to  be  described  on  a 
subsequent  page,  which  were  made  for  the  purpose  of  determining 
how  much  influence  can  be  exerted  by  humus  in  decomposing  min- 
erals, found  that  the  waste  of  humus  in  the  soil  may  be  very  rapid. 
His  experiments  were  repeated  during  several  summers,  and  were 
as  follows :  Quantities  of  rich  vegetable  mould  from  a  grove  of 
very  old  beeches  were  mixed  with  sandy  loam,  and  planted  with 
ray-grass  and  maize.  It  was  found  that  the  more  humus  there 
was  in  the  loam,  the  more  rapidly  did  this  humus  go  to  waste.  It 
was  found,  also,  that  the  amount  of  humus  lost  could  be  increased 
enormously  by  heating  the  earth  artificially.  Thus,  in  some  of  the 
expei-imental  boxes,  hot-water  pipes  were  so  arranged  that  the 
temperature  of  the  earth  could  be  kept  constantly  some  8°  or 
10''  C.  higher  than  that  in  the  boxes  exposed  to  the  ordinary  sum- 
mer air,  and  it  was  found  that,  in  the  superheated  earth,  from  18 
to  38  %  of  the  original  humus  was  lost ;  or,  in  other  terms,  from 
16  to  40  ^  of  the  original  carbon,  and  from  18  to  47  %  of  the 
original  nitrogen. 

Voelcker  found,  in  his  turn,  that  the  waters  which  escape  through 
tile-drains,  even  from  unmanured  fields,  contain  appreciable  quan- 
tities of  nitrates,  which  have  been  formed  through  the  oxidation 
of  humus,  and  that  more  considerable  quantities  of  niti^ates  are 
carried  away  in  the  waters  that  drain  out  from  fields  which  have 
been  dressed  with  nitrogenous  fertilizera. 

On  comparing  the  soil  of  his  old  pasture  with  that  of  his  arable 
land,  which  is  known  to  have  been  under  cultivation  for  more  than 
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250  years,  Lawes  has  estimated  that  some  3,000  lb.  of  nitrogen  per 
acre  must  have  disappeared  from  the  arable  land  since  it  first  came 
under  the  plough.  Some  examples  of  the  waste  of  nitrogen  from 
this  land  in  recent  years  are  given  in  the  following  table.  Per 
cent  of  nitrogen  in  the  first  9  inches  of  the  soil  of  an  — 

Old  pasture 0.250 

Arable  field,  in  ordinary  culture 0.140 

Wheat-field,  unmanured  for  38  years 0.105 

Wheat  and  fallow,  unmanured  for  31  years 0.096 

Barley-field,  unmanured  for  30  years 0.093 

Turnips,  unmanured  for  25  years 0.085 

It  will  be  noticed  that,  where  grain  was  grown  continuously 
without  manure,  the  nitrogen  has  fallen  to  a  point  much  lower 
than  is  reached  in  ordinary  arable  culture,  and  that  the  reduction  is 
paiticularly  well  marked  in  the  case  of  the  turnips.  Other  ex- 
periments showed  that  the  decrease  of  the  soil-nitrogen  was  rapid 
when  arable  land,  which  had  been  brought  into  high  condition  by 
heavy  dressings  of  manure,  was  afterwai*ds  cropped  continuously 
without  any  further  application  of  manure. 

It  is  now  recognized  that  the  waste  of  humus  is  due  chiefly  to 
the  activity  of  microscopic  organisms  living  in  the  soil,  and  that 
the  conditions  favorable  for  their  development  are  aeration  of  the 
soil,  as  by  tillage  and  drainage,  warmth,  an  adequate  supply  of 
moisture,  and  the  presence  of  a  certain  proportion  of  carbonate 
of  lime.  In  a  sour,  water-logged  soil,  on  the  contrary,  the  ten- 
dency will  be  for  humus  to  increase  rather  than  to  diminish. 
Raking  of  Woodland. 

The  foregoing  results  of  Stoeckhardt  led  to  another  series  of 
experiments,  since  they  bore  forcibly  upon  a  question  which  has 
excited  much  ill-feeling  in  Germany,  viz.,  whether  woodland  should 
ever  be  ti'immed,  or  the  farmers  and  peasants  ever  be  permitted  to 
rake  up  and  carry  away  the  leaves  and  other  refuse  which  fall 
from  the  trees. 

Time  out  mind,  the  foresters  whose  duty  it  is  to  promote  the 
growth  of  merchantable  wood  have  set  their  faces  against  such 
trimming  and  raking,  and  in  most  of  the  European  states  very 
stringent  laws  are  enforced  to  prevent  such  ''robbery,"  as  it  is 
termed. 

But,  on  the  other  hand,  it  has  seemed  to  almost  everybody  ex- 
cept the  foresters  to  be  rather  haixl  that  the  seemingly  worthless 


RAKING   OF   WOODLAND.  183 

leaves  and  dead  branches  should  not  be  put  to  immediate  use, 
either  for  bedding  cattle  or  for  baking  bread.  Sir  Francis  Head 
has  dwelt  very  forcibly  upon  the  essential  meanness  of  the  German 
wood-laws,  in  his  somewhat  famous  little  book,  "  Bubbles  from 
the  Brunnen  of  Nassau." 

It  is  probable  that,  in  most  instances,  the  harm  done  by  raking 
woodland  depends  more  nearly  upon  the  removal  of  the  mulch 
which  the  litter  affords,  than  upon  the  loss  of  the  fertilizing  con- 
stituents in  the  litter ;  that  is  to  say,  the  removal  of  the  mulch 
deprives  the  trees  of  water.  This  view  of  the  subject  has  already 
been  suggested  under  the  head  of  Mulching,  and  it  may  be  still 
further  illustrated  by  the  following  figureSi  which  represent  the 
averages  of  many  Bavarian  experiments,  as  reported  by  Eber- 
mayer.  Through  drain-gauges  having  an  area  of  1  square  foot 
at  the  surface,  that  were  kept  in  the  woods,  there  percolated,  at  a 
depth  of  — 

1  foot  when  no  litter  was  on  the  soil     .    .    .  253  cubic  inches, 

1  foot,  when  litter  was  on  the  soil 475  " 

2  feet  "  *•         ««        514  ** 

4    **  **  **  *'.....  257  ** 

more  of  water  than  percolated  through  similar  gauges  not  covered 
with  litter  that  were  kept  in  open  fields.  In  sum,  the  three  mulched 
gauges  kept  in  the  woods  delivered  1,246  cubic  inches  more  water 
than  the  three  corresponding  gauges  in  the  fields. 

Nevertheless,  the  fertilizing  matters  in  the  litter  of  woodland  are 
of  no  small  importance,  as  will  appear  from  the  following  state- 
ments of  experiments  which  were  made  by  Stoeckhardt  upon  the 
soils  of  several  parcels  of  woodland  to  illustrate  whatever  of  truth 
there  might  be  in  the  foresters'  view  of  the  subject.  Localities 
were  sought  out  where  contiguous  patches  of  forest  had  been  raked 
and  protected,  and  the  soils  of  each  patch  were  analyzed,  with  the 
following  results :  — 

A  sandy  soil  covered  with  pines  50  years  old  was  first  exam- 
ined. One  patch  of  the  woodland  belonged  to  the  Saxon  govern- 
ment, and  had  been  protected  from  depredations  for  many  years, 
while  the  adjacent  patch  had  been  subjected  to  periodical  rakings 
until  very  recently. 

The  results  as  given  in  the  table  relate  to  half-acres  of  land, 
and  to  soils  taken  to  the  depth  of  twenty  inches.  The  amounts  of 
the  several  ash-ingredients  enumerated  are  the  quantities  which 
were  found  to  be  soluble  in  water,  given  in  pounds. 
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On  surface  of  the  protected  patch 

(25,600  lb.  of  matter)  ...       58        92        64  94       8,580      123 

On  the  unprotected  patch  (5,000 
lb.  of  matter) 4        28        14  17  865        14 

In  the  upper  soil :  — 

Protected 400      224        80         336     22,240  1,032 

Unprotected 272      256        82         280       8,080     528 

In  the  lower  soil : — 

Protected 2,240    1,760     480       2,240     38,000  3,060 

Unprotected 1,600      640     120       2,080     20.800  1,800 

Further  experiments  showed  that,  while  the  protected  soil  con- 
tained 12  ^  of  fine  soil  capable  of  being  held  in  suspension  by 
water,  the  other  had  only  6  %.  And  while  the  protected  eaith 
could  hold  43  <}^  of  moisture,  the  other  could  only  hold  33  ^. 

A  similar  set  of  experiments  made  with  loamy  soil  from  another 
forest  gave  the  results  recorded  in  the  following  table.  The  amounts 
of  potash,  lime,  magnesia,  and  phosphoric  acid  are  those  soluble 
in  water,  given  in  pounds :  — 

On  the  surface:—                  Potwh.  lime.  Magnesia.  ^^JJ-  S^^Sr  ^^ 
I.  Protected  for  40  years 

(22,500  lb.  thick  moss)      95  150  49  130  14,000  187 
n.  Protected    30    years 

(27,000  lb.  needles)            86  116  53  105  16,500  244 
Unprotected   (18,000  lb. 

moss  and  heath)    .    .        37  160  '     43  71  5,700  74 

In  upper  soil :  — 

Of  I 1,220  540  180  1,330  83,200  6,900 

Of  II 1,340  620  225  1,730  91,200  7,600 

Unprotected      ....    1,150  500  145  1,270  79,200  5,600 

In  lower  soil :  — 

Of  I 4,400  2,600  1,000  5,600  160,000  11,700 

Of  II 5,100  3,300  1.160  6,600  168,000  12,800 

Unprotected      ....    3,700  2,400  1,050  5,600  172,000  12,400 

Naturally  enough  the  differences  between  the  protected  and  the 
unprotected  soils  are  less  here  in  the  case  of  loain  than  in  that  of 
the  sandy  soil.  The  absorptive  power  of  the  loam  for  potash  and 
nitrogen  is  noticeable.  These  experiments  are  fully  in  accord  with 
the  experience  of  fanners  who  have  to  do  with  light  sandy  soils. 
One  great  difficulty  in  dealing  with  such  soils  is,  that  the  organic 
matter  of  barnyard  manure  is  rapidly  consumed  in  them  by  oxida- 
tion during  hot  summer  weather.  The  epithet  '^  hungry''  Is  ap- 
propriately applied  to  open,  porous  soils,  where  the  conditions  are 
favorable  for  the  oxidation  of  humus. 
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Stoeckhardt  dwells  on  the  care  that  should  be  exercised  in  order 
to  protect  the  humas  in  a  soil  when  wood  is  cut  off  it ;  but  there  is 
small  use  of  talking  of  that  matter  here  in  America,  this  land  of 
forest  fires. 

It  is  a  point  to  be  remembered,  however,  that  the  destruction  of 
humus  by  oxidation  or  fermentation  is  always  very  much  slower 
than  that  of  the  vegetable  substances  from  which  it  has  been 
formed  would  be  under  equally  favorable  conditions.  It  is  a 
matter  of  experience  that  peat  decays  in  the  soils  of  cultivated 
fields  more  slowly  and  regularly  than  the  organic  matter  of  stable- 
manure,  or  than  that  obtained  by  ploughing  under  sod  or  stubble. 
Hence,  no  doubt,  one  reason  why  peat  composts  often  answer  so 
good  a  purpose  when  applied  to  sandy  soils. 

It  needs  to  be  said  yet  again,  perhaps,  that  the  processes  of  de- 
cay and  putrefaction  which  vegetable  matters  undergo  in  the  soil 
are  in  no  sense  processes  of  unmixed  oxidation.  It  has  been  for 
the  sake  of  the  argument  merely  that  they  have  been  alluded  to  as 
if  they  were  such.  These  processes  are  not  even  purely  chemical, 
for  it  is  known  that  microscopic  oi^ganisms  of  various  kinds  usually 
take  part  in  them.  Nothing  can  be  more  certain  than  the  fact 
that  micro-organisms  play  an  important  part  in  bringing  about  the 
decompositions  of  organic  matters  in  the  soil,  and  in  the  elabora- 
tion of  plant-food  also.  The  formation  of  moor-earth  in  cold 
countries,  for  example,  and  that  of  leaf -mould  in  warmer  lands 
probably  depends  on  the  absence  or  presence  of  definite  species  of 
microscopic  organisms  which  can  or  cannot  live  and  prosper  in 
cold  or  hot  climates. 

Nevertheless,  it  was  a  simple  and  convenient  idea  to  suppose 
that  humus  is  formed  by  processes  of  incomplete  combustion, 
much  in  the  same  way  that  charcoal  is  formed  by  the  incomplete 
combustion  of  wood  in  the  earth-covered  mounds  of  the  charcoal- 
burner.  Just  as  black  charcoal,  or  red  charcoal,  or  merely  charred 
wood,  may  be  got  by  admitting  more  or  less  air  to  the  heap,  so 
there  may  result  different  grades  of  humus,  according  to  the 
amount  of  air. 

It  may  be  argued  further,  that,  since  the  carbon  and  the  ni- 
trc^en  of  vegetable  matters  oxidize  less  rapidly  than  the  hydrogen 
which  is  contained  in  them,  humus  must  necessarily  contain  a 
larger  proportion  of  carbon  and  of  nitrogen  than  the  materials 
from  which  it  has  been  formed.  It  is  known  that,  beside  carbonic 
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acid,  there  is  given  off  from  the  decomposing  matters  some  marsh 
gas,  CH4,  and  probably  a  little  carbonic  oxide,  as  well  as  am- 
monia, sometimes  free  nitrogen,  and  not  infrequently  sulphuretted 
hydrogen. 

-   Sulphides  in  the  Earth  of  Marshes  and  Moors, 

Several  investigators  have  called  attention  to  the  fact  that  moor- 
earth,  when  out  of  contact  with  the  air,  is  apt  to  contain  sulphides, 
sulphuretted  hydrogen,  and  free  sulphur  that  have  been  formed 
through  reduction  of  gypsum  or  some  other  sulphate.  So,  too,  on 
digging  deeply  into  the  soil  of  a  salt-marsh  which  is  in  process  of 
reclamation,  the  odor  of  sulphuretted  hydrogen  is  very  evident. 
It  has  been  noticed  in  several  instances  that  microscopic  algae  take 
part  in  this  reduction  of  sulphates.  Not  only  is  sulphuretted 
hydrogen  gas  set  free  by  the  action  of  the  algae,  but  solid  sulphur 
also.  Particles  of  sulphur  have  been  found  in  abundance  in  the 
cells  of  these  plants,  and  it  has  been  shown  that  the  process  of 
reduction  may  readily  be  checked  by  applying  chloroform  or  car- 
bonic acid  to  hinder  their  activity.  As  Cohn  has  suggested,  this 
reduction  of  sulphates  by  algae  is  perhaps  nothing  more  than  a  par- 
ticular instance  of  what  occurs  in  all  kinds  of  plants.  Sulphates 
are  in  fact  reduced  in  the  cells  of  all  plants,  but  the  sulphur  usually 
goes  to  form  a  constituent  part  of  the  albuminoid  matter  of  which 
the  plants  are  in  some  part  composed.  In  the  case  of  the  algae, 
it  happens  that  the  process  of  reduction  is  specially  active  and  that 
more  sulphur  is  set  free  than  is  needed  by  the  albuminous  matters 
which  these  plants  contain. 

Since  the  sulphides  above  mentioned  are  injurious  to  vegeta- 
tion, it  is  clearly  desirable  to  prevent  their  formation  by  cultivat- 
ing the  earth  in  such  wise  that  air  may  be  freely  admitted  to  it. 
It  is  to  be  remembered,  however,  when  moor-land  is  to  be  re- 
claimed, that  the  first  processes  of  draining  and  cultivating,  by 
the  very  fact  that  they  admit  air,  may  lead  to  the  formation  of 
sulphate  of  iron  through  oxidation  of  sulphides  already  in  the  soil. 
Hence  the  importance  in  some  cases  of  thoroughly  liming  moor- 
land as  soon  as  it  has  been  laid  dry. 

In  some  sterile  soils  examined  by  Voelcker,  the  color,  which  was 
almost  black,  was  due  not  so  much  to  organic  matter  as  to  the 
presence  of  finely  divided  ferrous  sulphide,  a  substance  most  ob- 
noxious to  the  growth  of  crops.  When  acted  upon  in  moist  air 
by  carbonic  acid  from  the  air  or  from  the  soil,  this  ferrous  sul- 
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phide  gives  off  sulphuretted  hydrogen,  which  is  known  to  be  in- 
jurious both  to  vegetable  and  to  animal  life,  and  which  in  Voelck- 
ei-'s  opinion  may  do  even  more  harm  to  cr<^s  than  copperas. 

Pagel  has  suggested  that  the  bad  effects  attributed  to  stagnant 
water  are  likely  enough  due  in  some  pail  to  the  formation  of  sul- 
phides in  the  places  where  it  stands.  It  is  noteworthy  that  Pagel 
found  that  considerable  quantities  of  ammonia  were  given  off  from 
the  moor-earth  simultaneously  with  the  formation  of  sulphides, 
when  the  conditions  were  favorable  for  reduction  of  sulphates. 

By  oxidation  of  the  sulphides  in  moor-earth,  free  sulphuric  acid, 
or  more  often  soluble  feiTous  sulphate,  are  liable  to  be  formed, 
and  the  presence  of  either  of  these  substances  makes  the  soil  in- 
fertile. To  remove  or  destroy  the  poisonous  ferrous  salt,  drain- 
ing, liming  or  marling,  and  thorough  aeration  of  the  soil  are  re- 
commended. When  the  bottom  of  the  Harlem  Sea  in  Holland, 
was  first  laid  dry,  some  strips  of  soil  were  found  to  be  so  highly 
charged  with  sulphides  that  they  had  to  be  limed  before  crops 
could  be  grown  upon  them. 

Voelcker  and  Maercker  agree  that  the  mere  presence  of  ferrous 
oxide,  even  in  considerable  quantity,  does  not  necessarily  render 
moor-earth  uncultivable,  so  long  as  the  iron  remains  in  insoluble 
combinations,  such  as  a  double  ferrous  and  calcic  humate,  for  ex- 
ample. Indeed,  it  is  to  be  presumed  that  reclaimed  marsh-lands, 
and  many  other  soils  rich  in  humus,  such  as  are  renowned  for  their 
fertility,  must  usually  contain  more  or  less  of  the  ferrous  oxide  in 
combination  with  hu mates  or  silicates.  But  it  is  none  the  less 
true  that  many  unproductive  soils  contain  considerable  quantities 
of  ferrous  oxide,  and  hardly  any  red  ferric  oxide,  and  upon  up- 
lands this  condition  of  things  is  regarded  as  a  sure  sign  of  poor 
cultivation.  Such  soils  may  usually  be  greatly  improved  by  drain- 
ing and  subsoiling,  or  by  other  mechanical  operations  which  tend 
to  admit  air.  (Voelcker.)  The  presence  of  large  quantities  of 
ferrous  oxide  always  goes  to  show  that  the  soil  is  not  sufficiently 
aerated  for  the  support  of  the  healthiest  and  most  nutritious 
herbage. 

Chemical  Substances  obtainable  from  Humus, 

Little  is  known  as  yet  as  to  the  precise  chemical  composition  of 
humus.  Much  time  and  labor  were  expended  by  the  earlier  agri- 
cultural chemists  in  studying  peat  and  vegetable  mould,  and  they 
did,  in  fact,  extract  from  these  substances  several  tolerably  well- 
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defined  compounds,  such  as  humic  acid,  humin,  ulmic  (or  geic) 
acid,  ulmin,  crenic  and  apocrenic  acids,  etc.  But  next  to  nothing 
is  known  as  to  the  significance  of  any  one  of  these  things  in  so  far 
as  concerns  the  growth  of  plants. 

It  is  in  brown  humus,  which  is  an  early  product  of  vegetable 
decomposition,  that  ulmic  acid  and  ulmin  are  found ;  while  the 
black  humus,  into  which  brown  humus  is  converted  by  decay,  con- 
tains humic  acid  and  humin. 

Humic  acid  and  humin  may  be  obtained  artificially  by  boiling 
sugar,  starch  or  gum  with  alkalies,  or  with  strong  muriatic  or  sul- 
phuric acids.  So,  too,  by  gently  heating  sugar  with  dilute  muriatic 
acid,  a  dark-colored  insoluble  acid  is  obtained,  which  is  thought  to 
be  identical  with  ulmic  acid. 

A  mixture  of  impure  humic  and  ulmic  acids  may  readily  be 
prepared  by  stirring  some  peat  or  garden-loam  into  a  solution  of 
saleratus,  straining  off  the  dark-colored  liquor  through  a  cloth, 
and  neutralizing  it  with  an  acid.  The  impure  humic  acids  will 
separate  in  the  form  of  light  flocks. 

It  is  noteworthy  that  the  investigators  who  have  operated  in  this 
way  with  the  utmost  care  have  seldom  or  never  been  able  to  ob- 
tain products  free  from  nitrogen.  One  of  Mulder's  samples  con- 
tained 1.8  ^  of  nitrogen  and  Jongbloed  found  0.81  ^.  Detmer 
in  his  turn  detected  as  much  as  1.5  ^  of  nitrogen  in  humic  acid 
obtained  by  precipitating  a  solution  of  humate  of  ammonia  by 
means  of  mineral  acids.  Even  after  boiling  with  potash  lye,  re- 
precipitating  with  an  acid,  and  repeatedly  dissolving  with  saleratus 
and  precipitating  again  with  acids,  the  humic  acid  obtained  still 
contained  0.79  %  of  nitrogen.  Sostegni  found  even  2  to  2.2  ^  of 
nitrogen  in  humic  acid  prepared  from  peat.  These  results  are  in- 
teresting as  indicating  the  probability  that  the  humic  acids  of  peat 
are  often  combined  with  nitrogenous  basic  compounds,  such  as 
have  been  discovered  by  Loges,  and  that  they  can  retain  a  part 
of  these  basic  bodies  with  considerable  power.  The  composition 
of  humic  acid  prepared  from  sugar  has  been  said  to  be  C^^Hg^Oia  4~ 
8  H,0,  and  that  of  ulmic  acid  C^oHjgOi,  +  H^O. 

Crenic  and  apocrenic  acids  are  products  of  the  further  oxidation 
of  humus.  Salts  of  crenic  acid  are  found  especially  in  moist  soils, 
where  the  circumstances  favor  reduction,  and  those  of  apocrenic 
acid  in  loose  dry  earth,  where  oxidation  is  not  only  possible,  but 
easy.     It  is  not  difi^cult  to  convert  either  one  of  these  two  acids 
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into  tiie  other  artificially,  by  processes  of  oxidation  and  reduction. 
In  order  to  exhibit  these  changes,  some  chemists  have  written  the 
formula  of  crenic  acid  C24H24O1C  +  3  H,0,  and  that  of  apocrenic 
acid  C84Hi,Oi2  4"  ^2^9  although  there  is  small  probability  that 
either  of  the  formulas  is  correct.  Indeed,  it  is  said  that  both 
crenic  and  apocrenic  acids  really  contain  nitrc^en.  Both  of  these 
acids  are  soluble  in  water,  and  their  compounds  occur,  in  small 
proportion  it  is  true,  in  all  fertile  soils.  They  probably  have  no 
inconsiderable  influence  upon  the  growth  of  plants,  although  noth- 
ing is  known  as  to  the  manner  of  their  action. 

The  Hximic  Adda  have  considerable  Chemical  Power. 

The  humic  acids,  as  they  are  often  called  collectively,  exhibit 
considerable  chemical  activity,  in  spite  of  the  fact  that  they  are 
very  sparingly  soluble  in  water.  Eichhom  has  shown  that  mix- 
tures of  humic  and  ulmic  acids,  and  sour  peat  also,  can  decom- 
pose dilute  solutions  of  the  chlorides  of  potassium,  sodium,  and 
ammonium,  and  of  other  neutral  salts,  and  set  free  a  little  of  the 
hydrochloric  or  other  acid  which  the  salt  contained ;  so  that  sour 
earth,  to  which  a  neutral  salt  has  been  added,  may,  after  a  while, 
give  a  sharper  and  seemingly  a  stronger  reaction  for  acidity  to 
test-papers  or  even  to  the  taste  than  the  earth  could  have  given  by 
itself.  No  such  acidification  occurs,  however,  when  the  peat  or 
other  earth  examined  contains  no  free  humic  acid,  but  only  humates. 
It  has  been  noticed  in  Germany,  on  applying  potash  salts  to  cer- 
tain kinds  of  moor-land,  that  harm  may  be  done  by  sulphuric  and 
muriatic  acids  which  are  set  free  in  the  soil  in  small  quantities 
through  the  action  of  humic  acids  on  the  fertilizers. 

Reactions  analogous  to  those  with  the  chlorides  occur  when  bone 
phosphate  of  lime  or  precipitated  phosphates  are  mixed  with  free 
humic  acids,  though  the  decomposition  of  the  phosphate  never  goes 
very  far.  The  reaction  is  promoted  by  the  presence  of  neutral 
sulphates,  such  as  those  of  the  alkali  metals.  Naturally  enough, 
all  these  reactions  are  hindered  by  the  presence  of  substances  such 
as  marl,  lime,  and  manure,  which  work  to  neutralize  free  humic 
acid.  It  is  to  be  inferred  from  the  foregoing  that  sour  peat,  ad- 
mixed with  bone-ash  or  bone-black,  and  kept  moist,  will  slowly 
combine  with  these  materials  to  the  neutralization  of  its  own  acid- 
ity and  the  improvement  of  the  phosphate.  Hence  the  propriety 
of  using  insoluble  phosphates  on  bog-lands  which  are  undergoing 
reclamation. 
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This  idea  has  occasionally  been  put  in  practice  on  the  reclaimed 
gravelled  meadows  of  North  Gei-many.  Guerin  reported,  in  1858, 
an  instance  where,  by  the  application  of  bone-black  alone,  rye 
was  gi'own  with  great  success,  for  seven  consecutive  yeiira,  on 
land  so  sour  that  it  had  been  regarded  as  unproductive  before  the 
application  of  the  phosphate.  Peruvian  guano,  of  equal  money 
value  with  the  bone-black,  applied  for  the  sake  of  comparison  to 
another  parcel  of  the  land,  failed  to  bring  a  crop  of  rye,  since  the 
plants  all  ran  to  leaf.  It  seems  probable,  in  tills  instance,  that, 
beside  the  direct  chemical  action  of  some  of  the  constituents  of 
the  bone-black  to  neutralize  the  acidity  of  the  soil,  fermentations 
may  have  been  induced  by  the  presence  of  the  phosphate,  whose 
products  would  serve  in  their  turn  to  improve  the  condition  of  the 
land,  as  well  as  to  promote  the  growth  of  the  crop.  It  should  be 
clearly  understood,  however,  that  the  reaction  between  free  humic 
acids  and  insoluble  phosphates  is  but  feeble,  and  especially  as  re- 
gards phosphate  rock,  even  when  this  material  is  finely  powdered. 

It  need  hardly  be  said  that  the  presence  in  a  soil  of  any  consid- 
erable quantity  of  free  humic  acids  must  be  prejudicial  to  the 
growth  of  crops.  As  practical  men  well  know,  sour  humus  needs 
to  be  ameliorated  by  draining  and  cultivation,  by  additions  of 
gravel  and  manure,  and  by  neutralization  with  lime  or  marl  or 
phosphatic  slag,  before  useful  plants  can  be  grown  upon  it. 
Humic  Acids  may  Expel  SUica. 

It  was  noticed  by  Liebig  that  silica  is  less  readily  absorbed  by 
soils  from  a  solution  of  water-glass  in  proportion  as  the  soil  con- 
tained more  humus,  manifestly  because  the  humic  acids  held  firmly 
to  the  bases  with  which  it  was  combined ;  and  Vogel  has  insisted 
that  plants  growing  in  soils  rich  in  silica  but  poor  in  humus  gen- 
erally take  up  much  less  silica  than  plants  growing  in  soils  rich  in 
humus  even  though  poor  in  silica.  He  holds  that  good  loam  is 
usually  well  fitted  for  supplying  silica  to  plants,  the  inference  being 
that  the  humic  acids  of  the  organic  matter  act  upon  silicates  in  the 
soil  slowly  to  decompose  them  and  supply  to  the  plant-roots  some 
form  of  soluble  silica.  Vogel  claims  that  the  presence  of  much 
silica  in  sedges  and  the  other  inferior  herbage  of  swamps  depends 
upon  the  abundance  of  humus  in  such  situations.  The  suggestion 
is  an  interesting  one,  as  pointing  to  the  probable  action  of  humic 
acids  on  many  inert  combinations  in  the  soil  to  set  free  from  them 
inorganic  foods  of  one  kind  or  another  for  the  use  of  crops.    Com- 
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pare  Grandeau's  observations  on  a  subsequent  page,  concerning 
the  presence  in  loams  of  soluble  compounds  of  ash-ingredients  and 
organic  matter. 

Considered  as  a  reservoir  of  acids,  humus  is  doubtless  stronger 
than  soluble  silica,  in  the  sense  that  it  can  combine  with  bases  so 
firmly  as  to  hold  them  against  this  competitor.  It  has  been  noticed 
that,  other  things  being  equal,  soils  can  "  fix  "  more  silica  that  is 
added  to  them  in  the  soluble  state  in  proportion  as  they  contain  less 
humus ;  and  that,  conversely,  less  of  the  silica  is  precipitated  and 
retained  by  a  soil  in  proportion  as  it  is  ncher  in  humus. 

Beside  the  compounds  above  enumerated,  humus  contains  the 
obscure  nitrogenized  matters  which  have  been  so  often  referred  to, 
and  no  one  knows  how  many  other  things  beside. 

Humu8  may  do  Oood  in  several  Ways, 

It  is  to  be  observed  that  the  vaiue  of  humus  as  a  manure  depends 
upon  a  variety  of  properties.  In  the  first  line,  no  doubt,  must  be 
placed  Its  power  of  supplying  nitrogen  to  the  plant. 

Then,  by  virtue  of  its  porosity,  it  imbibes  and  absorbs  and 
holds  water,  and  the  vapor  of  water.  By  its  lightness,  too,  it  im« 
proves  the  texture  of  many  soils,  and  it  may  absorb  and  hold 
ammonia  and  the  salts  of  ammonia,  as  well  as  various  other  sub- 
stances. 

It  promotes  chemical  action  in  the  soil,  both  by  means  of  the 
acids  contained  in  it,  and  by  those  of  the  character  of  crenic  and 
apocrenic  acids  which  are  formed  by  its  decay.  Moreover,  by  its 
slow  decay,  humus  supplies  carbonic  acid  for  the  dissolving  of  plant- 
food,  as  has  been  explained  before. 

Some  of  the  materials  rich  in  humus,  such  as  marsh-mud,  har- 
bor-mud, and  pond-mud,  may  even  be  valuable  occasionally  be- 
cause of  the  inorganic  constituents  which  are  contained  in  them. 

The  power  of  humus  to  bring  about  disintegration  and  solution 
of  mineral  matters  in  the  soil  doubtless  depends  upon  a  variety  of 
circumstances.  But  it  is  very  evident  that  it  must  be  of  great  im- 
portance in  the  economy  of  nature.  Many  facts  might  be  cited  in 
illustration  of  this  point.  For  example,  Peters  found  that,  while 
the  addition  of  humus  to  a  soil  containing  ferric  phosphate  had  no 
immediate  effect  in  increasing  the  amount  of  phosphoric  acid  that 
could  be  washed  out  with  water,  it  nevertheless  increased  the  solu- 
bility of  the  phosphate  materially  when  left  in  the  soil  long  enough 
to  undergo  decomposition,  and  so  reduce  a  portion  of  the  feiTio 
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phosphate  to  the  state  of  a  ferrous  salt.  The  experiments  of 
Stoeckhardt,  also,  already  referred  to  when  speaking  of  the  waste 
of  humus  in  cultivated  fields,  clearly  exhibit  the  solvent  action  of 
humus.  A  number  of  boxes  were  filled  with  sandy  loam;  the 
loam  in  some  of  the  boxes  was  mixed  in  various  proportions  with 
humus  from  a  grove  of  old  beech- trees,  and  upon  the  soils  thus 
prepared  ray-grass  and  maize  were  cultivated.  In  some  of  the 
boxes  hot-water  pipes  were  placed,  so  that  the  temperature  of  the 
earth  could  be  kept  continually  8°  or  10°  C.  higher  than  that  ex- 
posed to  the  ordinary  summer  air. 

It  appeared  that  the  following  quantities  of  materials  had  been 
made  soluble  in  the  course  of  the  three  summer  months,  by  chemi- 
cal action  in  25,000  grm.  of  earth  :  — 

A««fn.  <«#  Earth  rich  In  Hnmiu.  Earth  poor  in  Hnmoi. 

uramioK  Ordinary  Temp.    Heated.     Oidinary  Temp.   Heated. 

Lime 7.78  «7.23  11.57  13.63 

Magnesia 3.30  2.44  0.00  1.97 

Potash 5.88  8.60  5.11  1.42 

Phosphoric  acid 3.11  6.02  3.86  1.64 

Humus  often  improves  Tilth. 

Humus  has  undoubted  value  for  lightening  and  mellowing  heavy 
clays,  and  conversely  for  binding  sands.  It  may  act  in  the  first 
instance  to  lighten  a  heavy  soil  in  the  same  way  that  any  coarse 
manure,  such  as  straw  or  partially  rotted  chips,  sawdust,  or  tan- 
bark  would  act,  as  will  be  urged  when  composts  are  treated  of. 
Something  analogous  to  the  granulation  thus  produced  is  to  be 
seen  in  the  mealy  snow  which  accumulates  in  city  streets,  where 
many  horses  and  vehicles  are  passing.  Here  the  presence  of  a 
small  amount  of  <'  dirt"  '<  breaks  the  grain"  of  the  snow,  as  it 
were,  sunders  its  particles,  hinders  them  from  cohering,  and  pre- 
vents the  snow  from  becoming  firmly  compacted  into  a  solid  frozen 
mass. 

But  there  is  another  finer,  more  intimate  and  enduring  action 
which  humus  shares  with  clay,  that  is  of  far  greater  importance 
for  the  peiTuanent  fertility  of  the  land.  As  has  been  shown  under 
the  head  of  Tillage,  it  is  necessary,  in  order  that  a  soil  may  be 
fertile,  that  its  particles  shall  be  granular  enough  to  permit  air  and 
rain  to  circulate  freely  among  them.  This  needful  coherence  or 
granulation  of  the  particles  of  loam  is  assured  by  the  presence  in 
fit  proportion  of  humus  (or  clay) ,  which  —  while  itself  protected 
from  being  puddled  by  the  presence  of  lime  and  other  saline  mat- 
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ters  which  are  dissolyed  in  the  soil- water — acts  to  cement  or  bind 
together  the  fine  rock  particles  or  sand  which  is  the  other  con- 
stituent of  the  loam.  This  subject  has  been  studied  by  Schloe- 
sing,  as  follows :  — 

First,  he  prepared  mixtures  of  pure  sand  and  pure  moist  clay, 
that  contained  respectively  1,  5,  10, 15,  and  20  ^  of  clay,  and  he 
left  them  in  the  air  until  they  were  dry  enough  to  crumble  between 
the  fingers. 

Upright  tubes,  at  the  bottoms  of  which  had  been  placed  bits  of 
glass  covered  with  coarse  sand,  were  filled  with  the  crumbled  mix- 
tures, and  a  layer  of  cotton  was  placed  on  top  of  each  of  these 
columns  of  earth.  Water  that  contained  2  or  3  ten«'thousandths 
of  a  lime-salt  was  then  made  to  fall  very  slowly  upon  the  cotton, 
drop  by  drop,  or  rather  in  the  form  of  fine  spray,  during  3  or  4 
days.  Under  this  treatment  those  mixtures  of  sand  and  clay 
which  contained  less  than  10  ^  of  the  clay  did  not  retain  their 
original  appearance  or  their  looseness;  while  the  mixtures  that 
contained  15  ^  of  clay  remained  practically  unaltered.  New  mix- 
tures were  then  prepared  that  contained  respectively  10,  11,  12, 
13,  14,  and  15  ^  of  clay,  and  treated  as  before,  with  the  result 
that  11  ^  of  clay  from  Vannes  was  competent  to  hold  the  sand  in 
granules  against  the  action  of  the  water. 

When  chalk  was  substituted  for  the  siliceous  sand,  rather  more 
of  the  clay  than  11  ^  had  to  be  used  to  hold  it  together;  and,  in 
general,  more  of  some  kinds  of  clay  than  of  others  was  needed  for 
binding  sands.  The  power  of  the  clays  seemed  to  stand  in  direct 
proportion  to  their  plasticity. 

It  appeared,  furthermore,  that  natural  loams  which  contained  no 
more  than  5  to  10  ^  of  clay  retained  their  porosity  when  subjected 
to  the  action  of  the  water  in  the  above-mentioned  tubes,  whence 
it  was  plain  that  such  soils  must  contain  some  other  binding 
material  beside  the  clay.  That  this  other  material  is  humus  ap- 
peared from  the  following  experiment. 

Some  loam  was  leached  with  dilute  hydrochloric  acid,  to  remove 
lime  and  the  other  bases  which  had  been  held  in  combination  by 
humic  acid,  according  to  the  ordinary  mode  of  union  of  acids  and 
bases,  and  the  undissolved  portion  of  the  loam  was  then  treated 
drop  by  drop  with  alkaline  water  to  dissolve  the  humus.  So  long 
as  the  acid  was  present,  no  change  in  the  appearance  of  the  loam 
occurred ;  but  the  moment  the  humus  began  to  be  dissolved  by  the 
voL.n— u 
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alkali  the  coherence  of  the  loam  was  destroyed,  and  all  of  its  con- 
stituents (of  which  the  humus  formed  but  a  small  portion)  fell 
down  to  an  impenetrable  layer  of  mud. 

It  was  noticed  that  the  destruction  of  the  granular  condition  of 
the  loam  kept  pace  with  the  solution  of  the  humus  by  the  alkali ; 
whence  the  inference  that  the  compounds  of  humus  are  colloids 
competent  to  act  as  a  kind  of  glue  to  cement  the  particles  of  earth 
together.  This  observation  consists  withal  with  the  popular  belief 
that  humus  serves  to  bind  light  soils,  and  to  make  them  firmer. 

To  test  the  matter  still  further,  Schloesing  prepared  humates  of 
lime,  ii'on,  and  alumina,  and  made  mixtures  of  them  when  moist 
with  sand  and  lime.  The  following  mixtures,  from  which  clay 
was  wholly  excluded,  were  treated  with  water  in  tubes  as  above 
described :  — 

Fttroent.  Pereent.  Fttroent.  Percent. 

Sand 99  82i  66  0 

Lime 0  16i  33  99 

Hamate  of  lime 1  1  1  1 

All  of  these  mixtures  withstood  the  action  of  water,  even  that  of 
distilled  water ;  whence  it  appeared  that  a  single  part  of  humate  of 
lime  was  as  effective  as  eleven  parts  of  the  Vannes  clay  to  cement 
the  sandy  particles. 

When  these  mixtures  that  contained  the  humate  were  moulded 
into  little  balls  and  cylinders,  and  allowed  to  dry,  they  became  so 
hard  that  they  could  be  thrown  upon  the  floor  without  breaking, 
though  it  was  found  in  general  that,  when  but  a  small  proportion 
of  a  humate  is  admixed  with  much  sand,  as  in  the  first  column  of 
the  figures,  the  cementing  power  is  somewhat  impaired  by  drying. 
Humus  may  Lighten  Clay. 

Other  mixtures  of  sand  and  lime  that  contained  4  or  5  %  of 
clay  together  with  1  %  of  humate  of  lime  or  humate  of  alumina 
likewise  resisted  the  action  of  water,  the  general  conclusion  being 
that  the  humates  are  better  able  than  clay  to  bind  together  par- 
ticles of  sand.  It  was  noticed  nevertheless  when  the  two  kinds 
of  cementing  agents  were  mixed,  that  the  binding  effect  was  not 
equal  to  the  sum  of  the  effects  produced  when  the  two  materials 
were  employed  separately.  On  the  contrary  the  cohesion  of  clay 
was  lessened  by  mixing  with  it  a  sufficient  quantity  of  the  humate. 

This  fact,  which  consists  with  the  popular  opinion  that  humus 
lightens  heavy  soils,  has  been  illustrated  by  the  following  experi- 
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ments  of  Schloesing.  He  kneaded  pure  clay  with  water,  together 
with  additions  of  humus  compounds,  into  mixtures  that  contained 
respectively  2,  4,  and  6  ^  of  the  humate,  and  found  that  all  of 
them,  as  well  as  pure  clay,  became  very  hard  on  drying,  one  lump 
being  apparently  as  hard  as  another.  But  on  bringing  the  lumps 
into  contact  with  water  they  behaved  very  differently.  All  of 
them  fell  down  to  the  condition  of  mud,  but  when  the  muds  were 
left  untouched  until  diy,  the  resulting  powdere  were  found  to  be 
less  coherent  in  proportion  as  they  contained  more  humus.  By 
direct  experiment,  it  was  found  that  many  good  soils  contain 
enough  humus  to  bring  about  the  effect  just  described. 

When  clay  coagulates  or  flocculates,  it  can  enclose  considerable 
quantities  of  humus.  But  more  of  the  coagulating  agent  (see 
under  Lime)  has  to  be  used  to  coagulate  clay  that  is  suspended  in 
an  alkaline  solution  of  humus  in  proportion  as  the  amount  of 
humus  contained  in  such  solution  is  larger.  Thus,  while  from 
HjW  ^  1TI%17  ^^  potassium  chloride  will  coagulate  pure  clay  that  is 
suspended  in  water,  as  much  as  from  7}^  to  ^j^^  would  be  re- 
quired, if  together  with  the  clay  100  to  200  milligrams  of  humic 
acid  were  contained  in  a  litre  of  water. 

Mention  has  been  made  already  of  the  action  of  carbonic  acid, 
derived  from  decaying  humus,  to  flocculate  clay  and  so  improve  the 
permeability  of  the  soil.  From  all  of  which  it  appears  that  humus 
may  be  useful  in  several  different  ways.  Practically,  peat  has 
sometimes  been  found  to  do  good  service  on  drained  clay  soils, 
and  a  part  of  the  utility  may  justly  be  referred  to  its  power  of 
lightening  the  clay.  It  has  been  noticed  that  peat-waters  strongly 
colored  with  organic  matter  sometimes  become  clear  on  passing 
over  beds  or  through  banks  of  clay,  though  it  has  been  suggested 
that  clays  which  are  slightly  acid  (from  the  presence  of  sulphate 
of  alumina)  arc  specially  effective. 

Walz  has  described  the  case  of  a  small  sloping  field,  in  which  a 
thin,  well  defined  layer  of  stiff  clay  reposed  upon  loose,  sharp, 
coarse  sand,  where  frequent  ploughing  and  harrowing  failed  to 
commingle  the  sand  and  the  clay  to  the  condition  of  loam  of 
medium  character.  It  is  to  be  presumed  that  a  permanent  mix- 
ture could  soon  have  been  made  if  there  had  been  an  abundance 
of  humus  in  the  soil. 

Humus  retains  Moisture, 

The  power  of  humus  to  retain  capillary  water  has  already  been 
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insisted  upon.  It  is  on  this  account  also  that  humus  is  so  im- 
portant in  sandy  soils.  Indeed,  there  are  few  soils  that  can  dis- 
pense with  this  peculiarity  of  humus,  excepting  those  which  are 
irrigated  or  in  which  the  depth  of  the  ground-water  is  constant 
and  perfect.  Here  in  New  England,  upon  the  drift-gravel,  ma- 
nures rich  in  humus  will  always  be  preferred  to  the  so-called 
chemical  fertilizers  on  this  account.  The  estimation  in  which  peat 
is  held  by  practical  farmers,  both  as  a  manure  by  itself  and  as  a 
"body"  for  composts,  illustrates  this  point,  perhaps,  more  for- 
cibly than  anything  which  can  be  urged  from  the  scientific  point 
of  view. 

It  is  sufficient  to  look  in  dry  summer  weather  at  a  gravelly  field 
manured  with  peat-compost,  and  contrast  the  vigorous  vegetation 
upon  it  with  the  dried-up  crops  of  the  neighboring  fields,  to  be 
convinced  of  the  power  of  humus  to  "  draw  water."  Such  fields 
suggest  the  thought  that  there  may  be  such  a  thing  as  mulching 
below  the  surface  as  well  as  upon  the  surface,  and  they  well  illus- 
trate the  significance  of  the  hygroscopic  power  of  peat  in  the  sense 
of  Hilgard's  observations. 

Henry  Stewart  tells  of  a  case  in  his  experience  where  100  loads 
of  swamp  muck,  well  composted  with  quicklime,  having  been 
spread  on  an  acre  of  very  light,  sandy  soil,  saved  a  crop  of  maize 
from  injury  during  a  very  dry  season.  The  plants  dressed  with 
the  compost  remained  dark  green  in  color,  and  their  leaves  never 
curled  even  on  the  hottest  days ;  while  adjoining  rows  of  com  not 
so  treated  became  dry  and  yellow,  their  leaves  curled  up  and 
wilted,  and  there  was  obtained  finally  no  more  than  half  a  crop  of 
ears  and  stover.  In  former  years  the  agricultural  newspapers 
were  accustomed  to  bear  frequent  witness  to  the  great  value  of 
peat,  and  the  manures  of  which  it  forms  a  component  part.  Some 
sanguine  observers  have  even  gone  so  far  as  to  allege  that  the  best 
kinds  of  peat  are  worth  as  much,  load  for  load,  as  barnyard-ma- 
nure. Professor  S.  W.  Johnson  has  collected  a  considerable 
amount  of  this  kind  of  evidence,  and  published  it  in  his  excellent 
little  manual  on  '^  Peat  and  its  Uses." 

It  is  true,  no  doubt,  that  some  kinds  of  bog-earths  in  limestone 
regions  are  really  manures  which  may  be  applied  to  the  land  at 
once.  They  may  afford  excellent  crops,  even  when  used  in  the 
absolutely  fresh  condition,  without  any  preparation  whatsoever; 
but  with  the  exception,  perhaps,  of  some  regions  rich  in  limestone, 
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BQch  saper-excellent  humus  is  by  no  means  common.     In  non- 
calcareous  districts  the  peats  are,  generally  speaking,  not  easily 
putrescible,  and  they  need  to  be  weathered  and  seasoned,  or  even 
fermented,  before  they  can  be  used  profitably  as  manure. 
Crude  Peat  is  "  Sour." 

It  is  a  matter  of  popular  belief,  here  in  New  England,  that  the 
application  of  raw  peat  to  a  cultivated  soil  would  be  apt  to  do 
actual  harm,  because  of  an  '< acidity"  which  most  of  our  peats 
exhibit  when  first  taken  from  the  bogs.  It  is  believed  also  that 
this  acidity  may  be  corrected,  not  only  by  the  addition  of  alkaline 
matters,  such  as  wood-ashes,  marl,  or  lime,  but  by  mere  age  and 
by  exposure  to  the  air.  Angus  Smith  insisted,  some  years  since, 
that  ^'  Our  great  struggle  with  the  soil  is  to  produce  alkalinity,  or 
at  least  to  diminish  acidity,  and  where  most  acids  exist  we  use 
most  lime."  And  the  remark  comes  with  special  force  from  the 
mouth  of  a  Scotchman  born. 

Smith  noticed  the  intimate  connection  between  alkalinity  and 
the  useful  fermentations  which  occur  in  soils,  and  he  showed  that 
even  putrescence  may  readily  be  brought  about  by  adding  alkalies 
to  loams.  As  long  ago  as  1847,  he  published  an  account  of  ob- 
servations made  ''  in  an  alkaline,  peaty  district  where  cold  weather 
produced  acidity  in  a  few  days."  '^  It  would  appear,"  he  says, 
''as  if  the  acids  of  the  mould  were  incapable  of  further  decom- 
position in  the  cold,  and  were  thus  retained  and  increased.  In  a 
rich,  highly-manured  soil  kept  warm,  the  soil  will  be  found  alka- 
line ;  though  soils  generally  are  [slightly]  acid."  There  are  now 
known  many  good  reasons  for  believing  that  the  alkalinity  in  these 
cases  was  due  to  the  activity  of  certain  micro-organisms  which 
prosper  in  warm  weather  and  are  inactive  when  the  land  is  cold. 

It  is  a  matter  of  common  observation  in  New  England,  that 
some  kinds  of  bog-mud,  when  thrown  out  in  great  heaps,  as  when 
a  large  ditch  is  dug  in  a  low-lying  meadow,  or  the  course  of  a 
swamp-brook  is  straightened,  may  lie  inert,  and  ''cold"  and 
"  sour"  for  years  —  as  witnessed  by  the  fact  that  nothing  but  a 
sparse  vegetation  of  starveling  weeds  will  be  found  growing  upon 
the  heaps  —  although  this  very  peat  may  become  a  highly  fertile 
soil  when  "  cured." 

It  is  true  in  general  that  most  peats  when  freshly  dug  possess  a 
certain  antiseptic  or  germicide  quality  which  would  be  apt  to 
hinder  nitrification  as  well  as  the  other  forms  of  fermentation  and 
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decay.  It  was  observed  long  ago  in  Ireland  that  sheep  never 
' '  rot "  on  a  drained  bog,  and  that  they  can  safely  be  kept  on  such 
land.     (A.  Young.) 

Not  infrequently  mud  taken  from  swamps  and  bogs,  sometimes 
even  pond-mud  (Link) ,  contains  iron  pyrites  (FeS,),  which  oxi- 
dizes readily  on  being  exposed  to  the  air,  and  forms  the  soluble 
salt  called  copperas  or  sulphate  of  iron  (FeS04) ,  as  has  been  said 
already.  Peats  which  have  become  thus  charged  with  sulphate  of 
iron  are  poisonous  to  agricultural  plants,  and  to  the  microscopic 
"  ferments"  as  well;  they  are  most  conspicuously  "  sour."  So 
too,  in  North  Germany,  it  is  not  uncommon  to  find  moor-earths 
which  exhibit  an  intense  acid  reaction  because  they  contain  free 
sulphuric  acid.  It  appeara  that  sulphur  is  first  set  free  in  the  soil 
either  through  the  reduction  of  sulphates  or  of  the  albuminous 
remains  of  plants,  and  that  when  air  gains  access  to  this  sulphur 
it  is  slowly  oxidized  with  formation  of  sulphuric  acid.  After 
a  while,  when  all  the  inorganic  mattera  with  which  this  acid  could 
combine  have  been  washed  out  from  the  land,  the  earth  remains 
charged  with  more  or  less  free  sulphuric  acid,  which  is  destructive 
of  vegetable  life. 

It  does  not  appear,  however,  that  the  presence  of  free  humic 
acids  in  a  soil  is  always  and  necessarily  hurtful  to  vegetation. 
Fairly  good  crops  of  rye,  buckwheat,  potatoes,  oats,  etc.,  are 
grown  on  many  German  moors  (Hoch-moor)  which  exhibit  a 
strong  acid  reaction,  both  as  regards  the  surface  soil  and  the  sub- 
soil. It  is  none  the  less  true,  however,  that  as  a  general  rule 
good  soils  are  not  strongly  acid.  Some  soils  are  neutral  to  test- 
papers;  and,  as  has  just  been  said,  there  are  some  which  are 
faintly  alkaline. 

But  even  if  the  crude  peat  were  to  do  no  damage,  it  is  none  the 
less  a  fact  of  common  experience  that  many  kinds  of  raw  peat  do 
little  or  no  good  to  land.  Experiments  have  been  made  by  Greig 
in  Scotland,  to  test  the  effect  of  artificial  fertilizers  on  a  bed  of 
peat  which  had  been  thrown  out  from  a  railway  cutting.  A  num- 
ber of  plots  were  sown  with  oats  and  various  clover  and  grass 
seeds ;  but,  no  matter  what  fertilizers  had  been  used,  every  kind 
of  seed  failed  totally  on  every  plot  that  had  not  been  dressed  with 
lime ;  and  even  where  lime  had  been  applied  all  the  crops  failed 
unless  phosphates  had  been  applied  also.  The  best  results  were 
obtained  on  plots  where,  in  addition  to  phosphates  of  one  or  an- 
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other  variety,  the  land  had  been  dressed  with  120  bushels  of  lime, 
4  cwt.  of  kainit  and  1  cwt.  of  ammonia  to  the  acre.  In  a  case 
like  this  the  use  of  phosphatic  slag  could  hardly  fail  to  do  good. 

The  significance  of  lime  as  a  means  of  improving  peat  is  ex- 
hibited very  emphatically  in  France,  where  a  rich,  mellow,  fertile 
humus  prevails  in  those  districts  where  the  soil  and  the  waters  are 
calcareous,  while  in  the  regions  of  granitic  sands  sour,  infertile 
moor-earth  covers  wide  tracts  of  country. 

It  may  freely  be  accepted,  as  a  general  rule,  that  crude  peat  is 
vastly  inferior  to  that  which  has  been  mellowed  by  exposure  to 
the  air.  Most  kinds  of  peat  only  show  their  best  power  after  they 
have  been  ^^  seasoned,"  or,  what  amounts  to  the  same  thing,  after 
they  have  lain  upon  the  field  until  the  second  year  from  the  time 
of  their  application.  This  behavior  depends,  doubtless,  upon 
chemical  changes  to  which  the  nitrogen-compounds  in  the  peat 
and  the  antiseptic  matters  are  subjected  when  the  peat  is  exposed 
to  the  air.  And  upon  physical  changes  also  which  are  brought 
about  by  the  decay  of  a  part  of  the  organic  matter.  Much  im- 
portance is  to  be  attached  in  any  event  to  alterations  of  texture 
induced  by  the  expansion  of  ice  when,  in  the  winter,  the  water 
within  the  peat  is  subjected  to  alternate  freezings  and  thawings. 
There  is  a  peculiar  gummy,  sticky  quality  in  crude  peat-mud 
which  is  highly  objectionable,  for  when  such  unregenerate  peat- 
mud  dries  it  takes  the  form  of  hard,  hornlike  clods  or  gravel,  which 
is  antagonistic  and  alien  to  mellowness  and  good  tilth.  But  on 
leaving  the  raw  peat  to  lie  over  winter  in  heaps  its  mechanical 
condition  will  be  so  much  improved  that  it  can  subsequently  be 
changed  with  comparative  ease  to  the  condition  of  mellow  earth. 
Even  though  there  might  be  no  great  harm  in  applying  peat  to  the 
land  as  soon  after  digging  it  from  the  bog  as  was  convenient, 
there  would,  generally  speaking,  be  no  sense  in  thus  applying  it, 
because  no  useful  effect  would  be  got  for  a  whole  year,  in  the 
majority  of  cases.  It  is  possible,  moreover,  that  the  useless  peat 
might  do  harm  by  interfering  with  the  action  of  other  fertilizers. 
For  it  might  combine  with  these  fertilizers  to  form  insoluble  double 
humates  at  a  time  when  they  had  better  not  be  formed,  and  it 
might  check  the  action  of  the  nitric  ferment. 

It  is  not  known  as  yet  precisely  what  chemical  changes  may 
occur  in  heaps  of  crude  peat  that  have  been  left  exposed  to  the 
weather,  though  it  is  to  be  inferred  from  Smith's  observations  that 
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some  products  of  the  decay  of  the  peat  are  competent  to  neutralize 
the  free  humic  acids,  and  thus  to  change  the  crude  peat  to  the 
condition  of  mild  and  mellow  humus.  As  bearing  upon  this  point, 
the  basic  substances  detected  in  humus  by  Loges  —  as  mentioned 
on  page  65  —  may  have  no  little  significance.  Whatever  their 
influence  may  be,  it  is  known  already  that  when  organic  matters 
decay  several  substances  of  basic  character  are  apt  to  be  formed, 
such  as  ammonia  and  ethylamin,  which  are  fully  competent  to 
neutralize  acids;  as  well  as  other  amids  of  less  pronounced 
chemical  power,  such  as  leucin  and  tyrosin.  There  appears  in- 
deed to  be  a  certain  analogy  between  the  results  of  the  decay  of 
organic  matter  and  the  products  of  its  destructive  distillation  by 
heat.  Thus  when  wood,  or  coal,  or  bone,  or  almost  any  other 
organic  compound  is  distilled  —  as  happens  in  the  processes  of 
making  tar,  coke,  charcoal,  bone-black,  and  illuminating  gas  — 
there  are  found  in  the  distillates  a  great  variety  of  alkaloids,  not- 
ably ammonia,  and  the  amines  of  methyl,  ethyl,  amyl,  phenyl, 
etc.,  as  well  as  picolin,  pyridin,  coliidin,  parvolin,  etc.,  etc. 

As  was  just  now  said,  the  neutralization  of  the  free  humic  acids 
may  readily  be  effected  artificially  by  adding  to  the  crude  peat 
lime  or  wood-ashes,  or  some  other  kind  of  alkali ;  and  the  pix>- 
cess  of  decay  may  be  hastened  by  mixing  the  peat  with  dung,  or 
urine,  fish,  flesh,  or  blood,  as  actually  happens  in  the  making  of 
composts.  Indeed,  the  best  way  of  using  peat  is  in  the  form  of 
compost,  as  will  be  explained  in  a  special  chapter. 
Mild  Htimus  as  a  Solvent. 

In  addition  to  the  mechanical  and  chemical  effects  already  al- 
luded to,  there  is  no  doubt  that  some  of  the  better  kinds  of  humus 
may  have  considerable  influence  by  directly  promoting  the  solution 
of  plant-food.  Gasparin  and  others  have  ui^ed  that  many  mineral 
matters  dissolve  more  readily  in  the  products  of  the  fermentation 
of  humus  and  other  kinds  of  organic  matter  than  they  do  in  mere 
water. 

Verdeil  insisted  strongly  upon  this  point  many  years  i^o.  He 
observed  that  fertile  soils  contain  a  peculiar,  neutral  oi^anic  sub- 
stance which  is  soluble  in  water  and  which  enables  water  to  dis- 
solve many  inorganic  matters  that  are  naturally  insoluble  in  water 
by  itself.  He  found  that  the  solutions  obtained  on  extracting 
many  different  kinds  of  soils  with  pure  water  contained  this  pecu- 
liar oi^anic  substance  combined  in  such  an  intimate  way  with 
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phosphoric  acid,  lime,  magnesia,  oxide  of  iron  and  silica,  that 
these  substances  gave  no  reactions  with  the  reagents  ordinarily 
employed  for  detecting  them  in  simple  aqueous  solutions.  Speak- 
ing after  the  manner  of  chemists,  he  said  that  the  organic  matter 
masked  the  inorganic  matters. 

Grandeau,  in  his  turn,  has  insisted  that  there  is  contained  in 
Russian  black  earth  and  other  rich  loams  of  high  fertility,  i.  e.  in 
garden-loams,  in  farmyard-manure,  and  notably  in  barnyard- 
liquor,  a  peculiar  organic  substance  capable  of  holding  combined 
the  inorganic  matters  above  enumerated,  in  such  manner  that  they 
resist  the  action  of  dilute  hydrochloric  acid,  and  cannot  be  de- 
tected directly  by  means  of  the  reagents  ordinarily  employed  in 
laboratories. 

To  obtain  this  peculiar  substance  Grandeau  directs  that  loam 
should  be  leached  with  a  dilute  acid  to  remove  the  bases  with 
which  the  oi^anic  matter  is  naturally  combined  in  the  soil ;  that 
the  excess  of  acid  should  be  removed  by  washing  the  leached  loam 
with  water,  and  that  the  residue  should  be  treated  with  moderately 
diluted  ammonia-water,  or,  for  that  matter,  with  either  of  the 
other  alkaline  hydrates.  The  black  matter  dissolves  readily  in 
the  ammonia-water,  and  in  this  solution  will  be  contained  phos- 
phoric acid,  lime,  magnesia,  iron,  and  silica,  although  neither  of 
these  substances  can  be  detected  there  by  means  of  the  ordinary 
chemical  tests.  The  presence  of  each  and  all  of  them,  as  well  as 
that  of  potash  and  manganese,  may  readily  be  exhibited,  however, 
by  evaporating  the  solution  to  diyness,  igniting  the  residue,  and 
subjecting  the  ashes  to  analysis.  Moreover,  on  dialyzing  the  am- 
moniacal  solution,  i.  e.  on  placing  between  it  and  pure  water  a 
membrane  so  arranged  that  osmotic  action  may  occur,  it  is  found 
that  the  inorganic  substances  now  in  question  readily  pass  through 
the  membrane  into  the  water,  while  the  black  matter  remains  be- 
hind. In  the  course  of  36  hours,  86  ^  of  all  the  ash-ingredients 
contained  in  such  a  solutipn  passed  through  the  membrane,  while 
the  water  into  which  they  diffused  remained  colorless  and  free 
from  carbonaceous  matters.  Thus,  presumably,  would  the  con- 
stituents needed  by  plants  pass  into  them  by  way  of  osmosis  out 
of  the  organic  solution.  As  obtained  from  some  soils,  Grandeau's 
black  matter  may  contain  no  more  than  2  %  of  ashes,  while  in 
other  instances  it  may  yield  60  ^. 

It  would  appear  from  the  foregoing,  that,  under  some  circmn- 
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stances,  ammonia-water  may  dissolve  from  the  soil  phosphoric 
acid,  lime,  etc.,  that  is,  in  so  far  as  they  are  held  in  soluble  com- 
bination by  the  organic  matters.  Indeed,  carbonate  of  ammonia, 
such  as  might  occur  naturally  in  soils  and  manures,  is  better  than 
ammonia-water,  because  it  can  act  directly.  Its  carbonic  acid 
combines  with  the  lime  which  in  the  soil  ordinarily  holds  the  black 
matter  in  the  insoluble  state,  and  permits  it  to  dissolve  in  the  am- 
monia. From  Russian  black  earth  which  contained  0.2  ^  of 
phosphoric  acid,  80  %  of  this  particular  constituent  was  extracted 
in  organic  combination  by  means  of  ammonia-water. 

According  to  Grandeau,  black  matter  extracted  as  above  from 
European  soils  may  contain  from  8  to  6  ^  or  more  of  nitrogen, 
and  Hilgard  has  found  5  ^  of  nitrogen  on  the  average  in  the 
black  matter  of  soils  from  humid  regions  in  the  United  States,  but 
he  has  discovered  that  the  black  matter  obtained  from  soils  in  the 
arid  regions  of  California  and  other  Western  States  is  extremely 
rich  in  nitrogen.  An  average  of  almost  16  ^  of  nitrogen  was 
found  in  the  humus  of  upland  soils  from  California,  and  of  10  ^ 
in  the  humus  of  low-lying  soils.  The  average  amount  of  actual 
humus  in  the  Califomian  soils  was  0.75  ^  and  0.99  ^  respec- 
tively. 

Grandeau  is  of  opinion  that  carbonate  of  ammonia  is  of  great 
importance  as  a  solvent  of  food  for  crops.  He  believes  that  by 
means  of  it,  acting  in  the  manner  above  described,  both  farmyard- 
manure  and  many  fertile  soils  may  afford  soluble  inorganic  food 
to  crops,  —  the  organic  matter  acting  as  a  vehicle,  so  to  say,  for 
the  transportation  of  the  ash-ingredients.  He  urges,  furthermore, 
that  the  fertility  of  soils  is  intimately  connected  with  the  amount 
of  mineral  matters  that  are  contained  in  them  so  combined  with 
organic  matter  that  they  can  dissolve  in  ammonia.  In  barren 
moor-earth  he  found  no  more  than  mere  traces  of  such  materials, 
while  Russian  black  earth  was  surcharged  with  them,  and  they 
were  abundant  in  fertile  garden-loam  an^  in  woodland-humus. 
Too  much  Humus  does  Harm, 

There  is  no  need  to  say  that  the  very  qualities  which  make 
humus  so  valuable  in  soils  that  are  naturally  too  dry,  unfit  it  for 
application  to  moist  soils.  There  are  few  things  worse  than  humus 
upon  a  wet  soil.  In  case  any  large  quantity  of  it  were  put  upon 
a  moist  soil,  it  would  remain  wet  and  cold,  and  would  tend  to  in- 
crease the  bogginess  of  the  place 
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Whenever  a  field  becomes  sarchai^ed  with  stagnant  water,  no 
matter  from  what  cause,  it  will  ultimately  be  covered  with  coarse, 
innntritious  vegetation  that  can  bear  to  grow  with  its  roots  im- 
mersed in  water  which  contains  no  air.  Moreover,  when  low- 
lying  land  is  reclaimed,  the  sponginess  or  incoherence  of  the  half- 
dried  and  imperfectly  rotted  peat  is  often  detrimental  to  the  growth 
of  certain  crops.  Such  land  "heaves"  badly  in  the  winter,  and 
crops  sown  upon  it  in  the  autumn  may  readily  be  thrown  out. 
Several  years  may  elapse  before  the  land  becomes  firm  enough  for 
wheat,  though  it  is  a  tenet  of  practical  experience  that  some  kinds 
of  crops  grow  well  upon  newly  reclaimed  bog-land,  notably  oats, 
potatoes  and  buckwheat,  while  wheat  and  clover  are  apt  to  remain 
uncertain  crops  for  many  years. 

In  order  to  correct  the  looseness  or  sponginess,  it  is  customary 
in  many  localities  to  dress  reclaimed  bog-lands  with  gravel  and  to 
plough  this  gravel  under  as  if  it  were  manure.  Another  way  is  to 
cover  the  drained  bog  with  a  layer  of  gravel  several  inches  thick, 
and  to  spread  manure  and  grow  crops  upon  the  new  surface  which 
has  thus  been  obtained.  This  method  seems  to  be  of  Celtic  origin, 
and  has  frequently  been  made  use  of  at  one  time  and  another  in 
Ireland  and  England.  In  many  situations,  it  is  a  great  merit  of 
the  gravel  layer  that  it  acts  to  compress  the  bog-earth  and  to 
squeeze  water  out  of  it  into  the  drains. 

In  recent  years,  the  process  of  covering  moor-land  with  gravel 
has  been  systematized  in  North  Germany,  and  no  little  attention 
has  been  given  to  the  scientific  study  of  it.  In  cases  where  the 
layer  of  peat  or  moor-earth  is  from  a  foot  and  a  half  to  three  feet 
or  more  thick,  in  view  of  the  fact  that  the  country  is  absolutely 
flat,  without  any  hills  or  knolls  from  which  gravel  might  be  trans- 
ported to  the  moor-land  on  sleds  or  railway  cars,  the  operations 
consist  in  digging  deep,  wide  ditches  at  stated  intei*vals,  and 
spreading  upon  the  surface  of  the  moor  the  sand  or  gravel  which 
is  taken  from  the  bottoms  of  the  ditches.  This  layer  of  gravel  is 
made  4  inches  thick,  and  upon  it  the  crops  are  grown. 

Cases  have  been  described  where  the  ditches  were  dug  at  dis- 
tances of  about  75  feet  one  from  another;  they  were  16  feet  wide 
at  the  top,  11  feet  wide  at  the  bottom,  and  4  or  5  feet  deep. 
The  black  earth  from  the  ditch  is  first  spread  upon  the  surface  of 
the  moor,  and  then  the  sand,  gravel,  loam,  or  clay  taken  from  the 
bottom  of  the  ditch  is  spread,  in  its  turn,  so  that  a  layer  of  it 
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four  inches  thick  shall  eveiywhere  cover  the  moor-earth.  A 
gravelly  sand  is  said  to  be  best ;  and,  in  general,  the  more  gravelly 
the  subsoil  is,  the  better,  provided  it  contains  some  clay.  Pure 
fine-grained  quartz  sand  is  said  not  to  answer  nearly  so  good  a 
purpose  as  gravel.  The  objection  to  fine  sand  is,  not  merely  that 
it  is  blown  away  by  the  wind,  but  that  it  dries  too  rapidly  by  day 
and  chills  too  quickly  by  night.  In  Ireland,  particularly  good 
results  have  been  obtained  by  using  limestone  gravel.   (A.  Young.) 

Oats  may  be  sown  at  once  upon  the  layer  of  gravel,  and  after- 
wards potatoes,  roots,  grain,  and  all  kinds  of  forage  plants.  The 
main  point  is,  that  the  layer  of  gravel  is  left  permanently  upon  the 
surface  of  the  land.  It  is  never  ploughed  under,  nor  mixed  with 
the  moor-earth.  Ordinarily,  the  gravel  layer  is  ploughed  no  deeper 
than  4  inches.  But  from  time  to  time,  at  rare  intervals,  when  the 
surface  land  seems  somewhat  hard  or  incrusted,  a  subsoil  plough  is 
run  through  the  beds,  so  as  to  loosen  the  soil  without  mixing  one 
layer  with  another. 

The  layer  of  gravel  is  useful  in  several  ways :  It  compresses 
the  moor-earth  and  prevents  it  from  passing  into  the  light,  inco- 
herent, non-capillary,  infertile  condition  which  it  would  be  apt  to 
assume  if  it  were  to  be  cultivated  directly  in  the  ordinary  way, 
immediately  after  draining,  and  if  it  were  left  exposed  freely  to 
the  action  of  the  sun  and  wind.  One  highly  advantageous  result 
is  that  the  gravel  tends  to  shield  young  crops  from  night-frosts  in 
the  spring.  It  lessens  the  evaporation  of  water  from  the  soil,  and 
cools  off  so  slowly  that  the  land  is  kept  comparatively  warm,  while 
later  in  the  season  it  ensures  the  coming  up  of  a  constant  supply  of 
capillary  moisture  even  when  the  weather  is  so  dry  that  drained 
moor-earth  by  itself  might  dry  out.  Hence  a  gravelled  moor  can 
safely  be  drained  to  greater  depths  than  an  ordinary  moor. 

It  is  noticed  that  when  the  gravel  or  sand  has  become  dry  at  the 
surface  this  dry  layer  acts  as  a  mulch  to  hinder  the  evaporation  of 
water  from  the  soil  beneath.  Thus  the  soil  is  kept  moist  and,  so 
to  say,  mellow  continually,  and  in  such  condition  that  the  roots  6t 
crops  find  proper  support  and  that  the  humus  undergoes  changes 
which  fit  it  to  serve  as  plant-food.  Land  thus  covered  with  gravel 
admits  of  being  tilled  in  the  spring  earlier  than  the  adjacent  un- 
covered land,  and  crops  grown  upon  it  are  less  liable  to  be  thrown 
out  by  the  frosts  of  winter.  It  is  counted  as  an  advantage  that  in 
preparing  the  gravelled  moors  for  crops  they  need  not  be  ploughed 
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deeply.  As  was  jast  now  said,  a  furrow  of  four  inches  is  deep 
enougli.  Such  land  is  no  longer  in  any  danger  of  being  destroyed 
by  fire. 

It  is  to  be  understood,  of  course,  that  the  moor  must  be  well 
drained  before  this  method  of  cultivation,  or  any  other,  can  be 
adopted.  It  is  said  that,  as  a  general  rule,  the  water-table  should 
be  kept  some  3.5  or  4  feet  from  the  surface  of  the  soil,  though  for 
grass-fields  it  need  not  be  so  low  as  this.  It  has  been  found  in 
practice  that  this  method  of  reclaiming  low-lying  moor-land  yields 
better  crops  than  can  be  got  from  the  moors  by  any  other  known 
process,  and  that  the  effects  of  the  reclamation  are  sure  and  last- 
ing. Whether  or  not  it  is  the  most  economical  of  known  methods 
is,  of  course,  a  totally  different  question. 

One  curious  result  of  this  method  of  cultivation,  as  ordinarily 
practised,  is  that  humus  may  accumulate  rapidly  in  the  land.  An- 
alysis had  shown  from  the  first  that  tb  ^  crops  grown  upon  moor-land 
thus  reclaimed  are  particularly  rich  in  nitrogen ;  and,  after  some 
years'  experience,  it  began  to  be  noticed  in  certain  localities  that 
grain-crops  are  apt  to  lodge  badly  on  beds  that  are  8  or  10  years 
old,  and  it  appears  that  the  trouble  comes  from  too  great  fertility 
of  the  soil,  i.e.  from  the  accumulation  in  it  of  too  much  easily  as- 
similable nitrogen.  The  practice  had  been  to  manure  the  fields 
much  as  any  upland  field  would  be  manured,  and  here  is  where  a 
mistake  seems  to  have  been  made,  for  by  using  stable-manure  too 
much  mellow  humus  accumulates  in  the  gravel  layer. 

Osswald,  who  has  examined  the  soil  from  a  number  of  these 
gravelled  moors,  found  that  the  surface  layer  of  gravel  had  become 
charged  with  a  large  amount  of  organic  matter.  Not  that  the  gravel 
and  the  moor-earth  from  below  had  become  mixed.  On  the  con- 
trary, the  line  of  demarcation  between  the  two  kinds  of  earth  was 
found  to  be  surprisingly  sharp,  considering  that  twelve  years  had 
elapsed  since  the  gravel  was  spread,  and  that  arable  crops  had 
been  grown  upon  the  land  continually.  The  trouble  ^as,  that  the 
continued  application  of  stable-manure  and  the  increase  of  plant- 
roots  had  led  to  an  actual  accumulation  of  humus  in  the  gravel. 

Osswald  did  not  find  any  surprising  amount  of  nitrates,  though 
he  did  find  very  large  quantities  of  ammonia,  and  it  was  plain  that 
there  was  present  a  far  larger  quantity  of  active  nitrogenous  manure 
in  the  soil  than  there  was  any  need  of.  As  the  lodging  of  the  grain 
had  already  shown,  there  was  far  too  much  of  this  nitrogen.     In- 
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Btead  of  becoming  exhausted  with  cropping,  the  fields  had  become 
too  fertile.  That  is  to  say,  they  were  no  longer  competent  to  grow 
so  great  a  variety  of  crops  as  they  had  been  at  first.  They  still  did 
very  well  for  grass,  however.  Some  of  the  twelve-year-old  beds 
yielded  the  best  crops  of  ray-grass,  cut  over  and  over  again  for 
green  fodder,  they  had  ever  given,  though  they  had  all  along  been 
well  manured  with  dung,  superphosphate,  bone-meal,  and  Stassf  urt 
potash  salts. 

Speaking  in  general  terms,  the  continued  use  of  heavy  dressings 
of  farmyard-manure  on  such  land  is  not  to  be  commended.  Here 
assuredly,  if  anywhere,  the  use  of  a  comparatively  large  proportion 
of  mineral  fertilizers,  in  conjunction  with  the  dung,  would  be  in 
order;  for  under  proper  management,  the  great  store  of  natural 
nitrogen  should  be  competent  to  supply  the  larger  part  of  all  the 
nitrogen  which  the  crops  might  need.  Of  course,  care  would  have 
to  be  taken,  at  first,  to  <^ sweeten"  the  original  sour  humus  by 
liming  or  dunging  the  land,  and  at  no  time  should  lime,  or  super- 
phosphate, or  potash  salts  be  applied  in  such  large  quantities  as 
would  be  liable  to  hinder  the  nitrification  of  the  humus  in  the  soil. 
It  was  noticed  long  ago  by  German  cultivators,  even  on  bog-lands 
that  have  not  been  covered  with  gravel,  but  merely  mixed  there- 
with, that  much  more  abundant  crops  of  forage  can  be  grown  than  of 
merchantable  grain,  and  that  it  is  not  good  practice  to  apply  heavy 
dressings  of  dung  to  such  land,  because  of  the  rank  growth  caused 
by  it.  Dressings  of  marl,  used  in  conjunction  with  phosphatic  and 
potassic  fertilisers,  have  been  commended  for  such  land.  When- 
ever, as  in  the  case  just  now  described,  the  gravel  covering  of  the 
bog^land  has  become  surcharged  with  humus,  it  would  seem  to  be 
proper  to  grow  upon  it  a  succession  of  exhausting'^crops,  without 
applying  any  nitrogenous  manure,  in  order  to  take  down  the  ex- 
uberant fertility ;  else  a  new  layer  of  gravel  might  have  to  be  laid 
down  on  top  of  the  old  layer,  at  enormous  expense. 

The  great  cost  of  covering  a  bog  with  gravel  in  this  way  limits 
the  applicability  of  the  process  to  countries  where  labor  is  abun- 
dant, although  it  is  worthy  of  remark  that  cranberry  bogs  have  long 
been  made  in  this  country  much  in  the  same  way.  But  there  is  a 
modification  of  the  process  applicable  to  moors  which  are  covered 
with  but  a  thin  layer  of  black  earth,  which  might  possibly  be  ap- 
plied occasionally  even  in  this  country. 

When  the  moor-earth  is  no  thicker  than  from  8  to  16  inches,  the 
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Germans  get  the  top  layer  of  gravel  by  bringing  up  the  subsoil  from 
Just  below  by  a  system  of  trench  ploughing.  Three  ploughs  specially 
adapted  to  the  purpose  are  run  one  after  the  other.  The  first  plough 
turns  a  flat  furrow  8  inches  or  so  deep ;  the  second  plough  stirs  the 
sole  of  the  first  furrow  to  a  depth  of  12  or  16  inches ;  and  the  third 
plough  throws  up  at  least  6  inches  of  the  loosened  gravel,  to  cover 
the  original  sod.  The  idea  is  much  the  same  as  before,  viz.  to  cover 
the  humus  with  gravel.  These  ploughing  operations  are  carried  out 
in  summer  and  autumn.  Next  spring  the  furrows  are  levelled  with 
a  heavy  han*ow,  and  oats  are  sown  upon  the  land. 

The  process  is  interesting  enough  and  instructive  enough  to  de- 
mand attention  when  considered  merely  as  a  method  of  cultivation ; 
but  the  purpose  of  citing  it  here  is  to  indicate  how  rapidly  humus, 
i.  e.  nitrogenous  humus,  may  accumulate  in  a  soil  when  the  condi- 
tions are  favorable  for  such  accumulation.  As  bearing  upon  this 
point,  reference  may  again  be  made  to  the  fact  of  observation,  that 
in  ordinary  European  farm  practice  only  a  moderate  proportion  of 
the  nitrogen  applied  to  the  land  in  the  form  of  manure  or  fertilizers 
is  recovered  in  the  crops. 

Some  Moors  are  Poisonous. 

On  the  low-lying  German  bog-lands  to  which  this  system  of  cul- 
tivation has  been  found  well  adapted,  it  commonly  answers  an  ex- 
cellent purpose  provided  the  moor-earth  is  not  actually  poisonous 
at  the  start.  But,  as  has  been  explained  already,  it  will  be  well 
that  both  the  moor-earth  and  the  gravel  should  be  free  from  sul- 
phides of  iron,  lest,  when  air  gains  access  to  these  compounds,  there 
should  be  formed  sulphate  of  iron  or  free  sulphuric  acid ;  and  lest, 
through  the  action  of  carbonic  acid,  sulphuretted  hydrogen  should 
be  set  free. 

It  has  been  noticed  occasionally  on  some  moors  which  have  been 
gravelled,  that  crops  are  apt  to  fail  on  those  spots  and  places  to 
which  sulphuric  acid  or  ferrous  sulphate  have  been  brought,  by 
the  capillary  movement,  in  quantities  large  enough  to  be  injurious 
to  plants.  In  his  research  as  to  the  causes  of  sterility  in  certain 
soils,  Voelcker  long  ago  cited  instances  where  much  harm  had 
been  done  through  the  presence  in  the  soil  of  no  more  than  half 
of  one  per  cent  of  the  iron  sulphate,  and  he  found  that  nothing 
whatever  grew  on  land  which  contained  little  more  than  one  per 
cent  of  the  sulphate.  Since  ferrous  oxide  and  ferrous  silicate  are 
quite  insoluble  in  water,  it  is  not  to  be  supposed  that  eit)|er  pf 
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these  substances  can  of  itself  be  injurious  to  plants,  though  the 
presence  even  of  these  products  of  reduction  may  serve  to  show 
that  the  soil  is  not  adequately  aerated. 

A  completely  barren  sandy  soil,  of  strongly  acid  reaction,  ex- 
amined by  Voelcker,  contained  1.05  %  of  ferrous  sulphate  and 
0.56%  of  black  sulphide  of  iron;  which,  as  he  remarks,  "is 
even  in  the  smallest  proportions  most  pernicious  to  plants."  An- 
other soil,  taken  from  an  infertile  field  on  land  reclaimed  from  the 
Haarlem  Lake  in  Holland,  exhibited  a  strong  acid  reaction  and 
contained  —  beside  1.72  %  of  sulphate  of  lime  —  0.74  %  of  fer- 
rous sulphate,  0.71  %  of  ferrous  sulphide,  and  1.08  %  of  sul- 
phuric acid  united  with  oxide  of  iron  as  basic  sulphate  of  iron. 
Although  this  soil  was  rich  in  nitrogen,  phosphoric  acid,  potash 
and  other  ash-ingredients,  it  was  completely  unproductive  when 
deeply  tilled.  So  long  as  the  field  had  been  lightly  scratched  at 
the  surface,  it  produced  scanty  though  still  remunerative  crops, 
but  on  being  ploughed  deeply  no  crops  could  be  got  from  it,  and 
no  good  was  done  by  applying  farmyard-manure.  *'  By  the  deep 
cultivation,  sulphide  of  iron  was  turned  up,  and  air  was  admitted 
into  the  soil  more  freely,  which  had  the  effect  of  oxidizing  the  iron 
pyrites  and  changing  it  into  green  vitriol.  .  .  The  proper  remedy 
for  such  a  state  of  things  is  a  heavy  dressing  of  lime,  marl  or 
chalk ;  for  quicklime,  or  the  lime  in  marl  or  chalk,  decomposes 
sulphate  of  iron,  and  uniting  with  the  liberated  sulphuric  acid, 
gives  rise  to  gypsum  —  a  useful  fertilizer  —  and  to  oxide  of  iron, 
which  occurs  in  all  fertile  soils.  In  the  case  before  us,  my  recom- 
mendation to  apply  a  heavy  dressing  of  lime  was  adopted  with 
complete  success."  Another  soil,  from  land  that  had  been  re- 
claimed from  the  sea  in  England,  and  which  was  poisonous  to 
plants  because  of  the  presence  of  ferrous  sulphate,  was  found  to 
contain  1.39  %  of  this  substance  and  0.78  %  of  ferrous  sulphide. 

The  following  analyses  reported  by  Maercker  relate  to  moor- 
land that  had  been  covered  with  gravel  in  the  manner  above  de- 
scribed. Bed  No.  I  bore  good  crops ;  but  on  bed  No.  II  noth- 
ing would  grow  from  the  first;  on  the  contrary,  a  crust  that 
contained  iron  compounds  formed  at  the  top  of  the  four-inch  layer 
of  sand.  Bed  No.  Ill  gave  a  good  crop  of  wheat  in  1871,  but 
horse-beans  failed  upon  it  in  1872.  No.  IV  was  from  a  wild 
moor ;  the  sample  was  taken  from  a  bare  spot  in  a  birch- wood  on 
which  no  vegetation  had  been  seen  for  25  years. 
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It  appeared  from  the  analyses  that  all  the  specimens  contained 
enoagh  potash,  lime,  phosphoric  acid,  and  other  ash-ingredients, 
to  have  enabled  the  land  to  bear  crops ;  but  in  addition  to  these 
things  there  was  a  good  deal  of  iron,  and  in  some  case  there  was 
the  poisonous  ferrous  sulphate  also :  — 

I.  n.  in.  IV. 

100  Parte  of  the  dry  Earth  contAined       Continiully   NotCnl-   Cnltiyable    Bar«for 

Fertile.       tinible.       atflnt.      26  Years. 

Iron,  reckoned  as  ferric  oxide  (FesO,)    4.830        7.540        6.680        6.390 

Iron  in  the  form  of  ferrous  oxide  (FeO)   1.500        1.880        1.780       2.740 

Iron  that  was  soluble  in  the  form  of 

ferric  oxide 0.226        0.999        0.319        0.066 

Iron  that  was  soluble  in  the  form  of 

ferrous  oxide 0.000        1.349       0.298        0.395 

Iron  that  was  soluble,  all  reckoned 

as  ferric  oxide 0.226        2.498        0.650        0.505 

It  appears  from  the  analysis  No,  I  that  a  small  amount  of 
ferric  sulphate  did  no  particular  harm,  while  the  ferrous  sulphate 
of  U,  III,  and  IV  poisoned  the  land.  The  analyses  enforce  the 
propriety  of  using  bone- ash,  phosphatic  slag,  floats,  or  greensand, 
and  muriate  of  potash  on  such  land  rather  than  gypsum,  or  sul- 
phate of  potash,  or  superphosphates  that  contain  gypsum ;  for  by 
the  reduction  of  the  sulphates  in  the  nonaerated  moor-earth  sulphide 
of  iron  could  readily  be  formed,  and  through  the  oxidation  of  this 
sulphide  the  poisonous  ferrous  sulphate  might  result.  Maercker 
urges  that  by  liming  the  soil,  so  that  it  shall  be  charged  with  calcic 
humates,  the  noxious  ferrous  sulphate  would  be  decomposed  as 
fast  as  it  formed.  Contrary  to  what  has  sometimes  been  taught, 
the  presence  of  insoluble  ferrous  compounds  in  the  soil  did  no 
harm.  It  was  only  when  soluble  ferrous  salts,  such  as  copperas, 
were  at  hand  that  the  crops  suffered. 

One  point  to  be  noticed  is  that  gravel  taken  from  beneath  bog- 
earth  will  be  much  more  likely  to  contain  hurtful  sulphides  of  iron 
than  that  taken  from  upland  banks  and  hills,  to  which  air  has 
always  had  access.  Generally  speaking,  gravel  that  can  be  run 
down  upon  the  bog-land  from  a  neighboring  hillock  will  be  better 
suited  for  covering  purposes  than  that  which  has  to  be  dug  out 
from  wet  ditches.  In  a  case  where  the  bog-sand  used  for  cover- 
ing contained  sulphide  of  iron,  quicklime  was  strewn  upon  part  of 
the  field,  and  excellent  crops  of  barley  and  of  oats  were  obtained 
there  at  once,  while  on  that  part  of  the  field  which  received  no 
lime  the  first  crops  failed.     The  land  became  fertile,  however, 
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after  the  sand  had  been  exposed  to  the  weather  for  a  year  or 
two. 

Different  kiiida  of  Moor-earth  need  different  Treatment. 
Experiments  made  by  Fleischer  and  others  on  high-lying  moors, 
have  shown  that  the  process  just  now  described  is  not  applicable 
in  certain  cases.  It  is  plain,  for  that  matter,  that  there  are  several 
different  kinds  of  moor-earths  and  bog-eai-ths,  and  that  methods 
of  treatment  proper  for  one  kind  may  not  be  proper  for  other 
kinds.  Some  kinds  of  sour  humus  do  not  readily  become  sweet 
and  mellow  when  covered  with  a  layer  of  gravel  and  dressed  with 
artificial  fertilizers,  not  even  when  the  land  has  been  thoroughly 
drained,  while  the  admixing  of  such  humus  with  sand  and  with 
night-soil  may  be  highly  judicious.  Even  when  the  sour  land  was 
limed  before  applying  the  layer  of  gravel,  the  crops  obtained  were 
inferior  to  those  got  from  the  fields  where  sand  and  night-soil  had 
been  plowed  under.  But  on  applying  night-soil  to  the  land  covered 
with  gravel,  good  crops  were  obtained.  All  of  which  goes  to  show 
the  importance  of  assimilable  nitrogen  and  the  necessity  of  treat- 
ing the  lands  in  such  manner  that  the  niti*ogen  of  the  inert  humus 
shall  become  available.  As  bearing  upon  this  point  it  should  be 
said  that  experience  teaches  that  the  original  grass,  or  other  herb- 
age which  may  be  growing  upon  the  moor,  had  better  be  destroyed 
before  proceeding  to  cover  the  land  with  gravel.  When  practic- 
able it  may  even  be  well  to  cultivate  the  land  somewhat  before 
gravelling  it,  in  order  to  bring  the  humus  into  good  condition  by 
the  action  of  air  and  of  micro-organisms,  and  by  means  of  ap- 
plications of  lime  or  of  marl.  Fleischer  has  reported  a  case  where 
there  was  harvested,  per  Morgen,  from  moor-land  which  had 
been:  — 

Centner  of  Rye. 
Qrain.  Straw. 

Mixed  with  sand 8.8  17.7 

Covered  with  sand,  without  previous  cultivation  .    .      4.8  12.9 

Covered  with  sand,  after  cultivation  and  fertilization    10.9  19.0 

Carsten,  in  Holland,  tried  the  experiment  of  growing  oats  on 
contiguous  plots  of  moor-land,  each  ^  of  an  acre  in  area,  some  of 
which  had  been  reclaimed  by  covering  the  land  with  gravel,  as 
above,  while  others  had  been  reclaimed  by  mixing  gravel  with  the 
moor-earth.  In  every  instance  where  the  gravel  and  moor-earth 
were  admixed,  the  crops  obtained  were  inferior  to  those  from*  the 
gravel-covered  land,  as  will  appear  from  the  following  table :  — 
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BnslMltORto 
Mfumre  on  1-6  Acr«  Ckwt  of  the       from  1^  Acre  of 

Manure.      Cktreied       Mixed 
land.         Land. 

651b.  rectified  guano 

66  **  steamed  bone-meal ^     $4.00  6.13       6.66 

33  **  sulphate  of  potash  and  magnesia 

66  **  plain  Peruvian  guano  .... 

66"  steamed  bone-meal >       4.26  8.61        6.13 

33  **  sulphate  of  potash  and  magnesia 

33  **  nitrate  of  soda 

66  *<  steamed  bone-meal )•      3.80  4.26        L94 

83  *'  sulphate  of  potash  and  magnesia 

110  **  rectified  guano 3.80  9.37        6.81 

Same  money  value  of  plain  Peruvian  guano       4.00         11.08       7.66 

It  was  thought  that  most  of  the  nitrate  of  soda  was  washed  away 
by  rains,  and  that  better  results  might  have  been  got  from  this 
material  by  using  it  in  larger  quantity  and  applying  it  at  intervals 
as  a  top-dressing. 

Simultaneously  with  the  tabulated  experiments,  two  plots  were 
manured  with  night-soil  from  city  cesspools  applied  in  such  quan- 
tity that  the  cost  was  $14.87  for  each  of  the  ^  acre  plots.  There 
were  harvested  from  these  two  plots  12.14  and  11.35  bushels  of 
oats  respectively.  It  is  noticeable,  both  as  regards  the  night-soil 
and  the  guano,  that  the  largest  crops  were  obtained  from  the 
manures  most  likely  to  be  charged  with  the  ferment  which  would 
cause  nitrification  of  the  moor-earth.  It  will  be  noticed  also  that 
$20  worth  of  plain  guano  to  the  acre  gave  almost  as  large  a  crop 
(5d|  bushels  to  the  acre)  as  night-soil  applied  at  the  rate  of  $74 
worth  to  the  acre. 

Increase  of  Humus  in  Pastures, 

It  is  not  alone  in  low-lying  bogs  that  humus  may  accumulate. 
Such  increase  is  often  visible  to  the  eye  in  pastures  and  mowing 
fields,  and  the  experiments  of  Lawes  and  Gilbert  have  proved  the 
correctness  of  the  popular  belief  that  organic  matter  does  not  ordina- 
rily go  to  waste  in  such  situations  as  fast  as  it  is  formed  or  brought 
there.  Thus,  in  cases  where  arable  land  had  been  seeded  down  and 
subsequently  used  as  pasture  or  as  a  hay-field,  it  was  found,  after 
the  lapse  of  years,  that  the  proportion  of  nitrogen  in  the  soil  had 
increased  appreciably,  as  will  be  seen  in  the  following  table :  — 

Percent  of  nitrogen  in  arable  land 0.140 

"       •*         "       "  pasture  8  years  old 0.151 

"       '*         "       "  another  pasture  18  years  old  ...    .  0.174 

•«       "         "       "  Dr.  Gilbert's  hay.field  21  years  old    .    .  0.204 

a        ti  M        (I    u  it  <t       30       *•      "      •    .  0.241 
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In  the  case  of  Dr.  Gilbert's  hay-field,  it  was  estimated  that  the 
increase  of  nitrogen  in  the  sarf  ace  soil  during  thirty  years  had  been 
at  the  rate  of  about  50  lb.  per  year  and  per  acre.  Some  of  this 
nitrogen  came  from  stable-manure  which  was  applied  to  the  land 
every  other  year,  but  some  of  it  evidently  came  from  the  air,  through 
leguminous  plants  or  from  the  subsoil. 

Humtis  cool's  Soils. 

The  influence  of  dark-colored  substances  upon  the  temperature  of 
the  soil  has  already  been  insisted  upon ;  and  it  may  possibly  be  true 
that  humus  sometimes  tends  to  make  a  soil  warmer  by  virtue  of  its 
color,  but  this  is  not  its  usual  mode  of  action.  On  the  contrary,  it 
chiefly  serves  to  cool  the  soil,  and  it  often  does  good  in  this  way ; 
i.  e.  by  regulating  the  temperature  of  the  soil,  by  means  of  the  water 
which  it  holds.  At  mid-day,  in  summer  weather,  the  surface  of  a 
mere  sandy  soil  may  become  so  hot  that  the  hand  can  hardly  be 
held  against  it.  But  if  such  soil  be  charged  with  humus,  through 
abundant  dressings  of  long  manure,  or  by  the  addition  of  peat,  it 
cannot  readily  become  so  hot  by  the  action  of  the  sun's  rays ;  for 
the  water  which  the  humus  sucks  up  from  the  subsoil,  and  absorbs 
from  the  air  which  rises  out  of  the  subsoil  will  slowly  evaporate, 
and  in  so  doing  will  consume  so  much  heat  that  the  soil  itself  will 
remain  comparatively  cool. 

Fixation  of  Bases  by  HumcUes, 

Some  reference  has  already  been  made  to  the  power  of  humus  to 
absorb  and  hold  the  vapor  of  ammonia  and  of  carbonate  of  ammo- 
nia, and  the  subject  will  again  be  referred  to  hereafter.  It  is  to  be 
noticed,  however,  that  by  virtue  of  the  humic  acids  contained  in  it 
humus  can  combine  with  lime  and  magnesia,  and  with  the  bases 
contained  in  alkaline  substances  such  as  the  carbonates  and  soluble 
silicates  of  potash  and  soda,  i.  e.  humus  can  absorb  and  fix  and  hold 
these  basic  substances.  The  humates  of  lime  and  of  magnesia,  like 
most  other  humates,  are  wellnigh  insoluble  in  water ;  but  potash  and 
soda,  when  present  in  excess,  form  soluble  humates.  In  the  soil, 
however,  these  basic  alkaline  humates  quickly  unite  with  other 
humates  of  metals  or  earths,  and  form  double  salts  which  are  only 
very  diflUcultly  soluble. 

Detmer  describes  a  double  humate  of  lime  and  ammonia  as  being 
soluble  in  rather  more  than  3,000  parts  of  water,  and  one  of  iron 
and  ammonia  as  dissolving  in  5,000  parts  of  water,  at  66^  F.  The 
acid  humates  of  potash  and  soda,  such  as  would  naturally  form  in 
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any  soil  rich  in  humus  on  the  addition  of  a  small  quantity  of  an 
alkaline  carbonate,  are  wellnigh  insoluble  in  water. 

It  is  noteworthy  that  some  varieties  of  humus  are  capable  of 
absorbing  a  larger  quantity  of  potash,  soda,  or  ammonia  from  the 
carbonates  of  these  substances  than  from  the  caustic  hydrates. 
Thus  S.  W.  Johnson  found  that  a  peat  from  New  Haven  could 
absorb  1.3^  of  ammonia  from  a  solution  of  carbonate  of  ammonia, 
but  only  0.95^  from  a  solution  of  caustic  ammonia.  It  is  not  im- 
probable that  this  particular  peat  may  have  contained  some  humate 
of  lime  upon  which  caustic  ammonia  might  have  comparatively  little 
action  though  it  would  be  decomposed  readily  by  carbonate  of  am- 
monia with  formation  of  humate  of  ammonia  and  carbonate  of  lime. 
Several  chemists  have  noticed  that  soils  rich  in  humus  may  absorb 
alkalies  more  forcibly  after  they  have  been  limed,  or  mixed  with 
carbonate  of  lime,  but  in  this  case  the  improvement  is  manifestly 
due  to  the  formation  in  the  soil  of  a  quantity  of  humate  of  lime 
with  which  the  added  fertilizers  can  react  by  way  of  double  de- 
composition. 

In  case  a  field  to  be  fertilized  contains  free  humic  acid,  a  prelim- 
inary liming  would  neutralize  this  substance,  and  by  forming  hu- 
mate of  lime  would  prepare  the  way  for  the  fixation  of  potash  or 
phosphoric  acid  and  other  fertilizing  matters,  such  as  would  natu- 
rally be  applied  to  the  land  in  manures.  It  is  to  be  noted,  how- 
ever, that  this  remark  applies  more  particularly  to  low-lying  soils, 
and  especially  to  soils  that  are  said  to  be  ^^sour";  for  in  good 
humus,  such  as  exists  in  garden  loam,  or  in  almost  any  really  fertile 
field,  the  humic  acids  are  not  free,  but  combined  with  one  base  or 
another  to  form  salts  of  the  humic  acids,  or,  as  the  common  say- 
ing is,  ^^  humates ''which  are  already  competent  to  fix  the  constit- 
uents of  fertilizers.  It  may  be  said  with  truth  of  many  fertile 
countries,  and  especially  of  regions  where  limestone  abounds,  that 
highly  cultivated  soils  ordinarily  contain  no  free  acid  other  than 
carbonic  acid.  It  was  remarked  by  Yoelcker  long  ago,  that  *'  Good 
and  fertile  soils  either  have  no  effect  upon  red  or  blue  litmus  paper, 
or  they  show  a  slight  alkaline  reaction,  i.  e.  in  a  wet  condition  they 
restore  the  blue  color  to  reddened  litmus-paper,"  because  of  the 
presence  of  bi-carbonate  of  lime,  which,  as  is  well  known,  exhibits 
an  alkaline  reaction.  It  is  to  be  observed  none  the  less,  that  in 
many  districts  of  no  great  fertility,  as  in  New  England  and  in  other 
non-calcareous  regions,  cultivated  soils  are  apt  to  exhibit  a  faint 
acid  reaction. 


214  AGRICtJLTTTKE. 

In  ordinary  soils  the  ingredients  of  humns  are  so  circumstanced 
that  only  some  traces  of  them  can  be  dissolved  out  of  the  soil  by 
water;  but  from  peat,  leaf -mould,  and  even  from  rich  garden- 
earth  which  through  fermentation  or  decay  has  become  charged 
with  carbonate  of  ammonia,  water  will  extract  an  appreciable 
amount  of  soluble  matter,  which  is  sometimes  in  the  condition  of 
humate  or  ulmate  of  ammonia.  There  can  be  no  question  that 
these  solutions  may  do  good  service  sometimes,  both  by  reacting 
upon  various  matters  in  the  soil  and  rendering  them  soluble  and 
available  as  plant-food,  and  by  being  converted  into  nitrates  by 
fermentation  and  oxidation. 

HumaJtes  insoluble  in  Saline  Solutions. 

An  interesting  fact,  noticed  by  Enop,  is,  that  the  humates  in 
the  soil  are  much  less  soluble  in  saline  solutions  than  they  are  in 
pure  water.  Thus,  if  a  quantity  of  loam  be  treated  with  succes- 
sive portions  of  water,  the  first  filtrate  will  come  through  almost 
colorless,  while  the  succeeding  portions  of  the  filtrate  will  be  de- 
cidedly colored  from  the  presence  of  dissolved  organic  matter. 
That  is  to  say,  as  soon  as  the  saline  matters  natural  to  the  soil 
have  been  rinsed  away  by  water,  certain  compounds  of  humic 
acids  will  dissolve  in  fresh  water  to  an  appreciable  extent.  It 
would  seem,  therefore,  that  a  new  solvent  force  must  be  brought 
into  action  in  the  soil  when  the  conditions  are  such  that  solutions 
of  humates  can  appear ;  as,  for  example,  after  continuous  rain. 

A  familiar  example  of  the  insolubility  of  humates  in  saline 
solutions  is  seen  in  limestone  countries  where  the  '^  hard"  water 
of  the  wells  is  apt  to  be  particularly  clear  and  colorless,  thanks  to 
the  presence  of  soluble  bi-carbonate  of  lime.  So,  too,  Enop's 
observation  serves  to  explain  how  it  is  that  in  certain  regions  the 
waters  of  brooks  are  sometimes  more  or  less  highly  colored,  while 
in  other  localities  brook  waters  are  free  from  color.  Thus  in  many 
brooks  of  New  England  and  of  Scotland,  which  flow  from  bogs, 
highly  colored  waters  will  be  noticed  after  rain,  as  in  the  water  of 
the  Dismal  Swamp  of  Virginia  constantly,  and  in  several  tribu- 
tary streams  of  the  Rivers  Amazon  and  Orinoco.  As  Muntz  and 
Marcano  have  explained,  these  dark-colored  South  American  rivers 
contain  very  little  mineral  matter  in  solution,  and  they  owe  their 
color  to  the  presence  of  free  humic  acids  which  have  been  formed 
by  the  decomposition  of  vegetable  matter  in  a  non>calcareous, 
granitic  soil.     When  the  << black"  water  of  the  streams  now  in 
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question  flows  into  clear  riyers  the  coloration  speedily  disappears 
because  the  humic  acids  unite  with  lime  which  is  held  dissolved  in 
the  colorless  water,  and  the  humic-lime  compound  quickly  settles 
out.  It  is  to  be  noticed  that  these  black  or  coffee-colored  waters 
are  not  turbid.  They  are  as  clear  as  wine.  But  like  wine  they  are 
colored  by  the  presence  of  dissolved  organic  matters.  For  the 
agents  which  act  to  clarify  turbid  waters  see  < '  flocculation "  in 
the  index  to  the  third  volume  of  this  book. 

Alkaline  salts,  such  as  the  carbonates  of  potash,  of  soda  and  of 
ammonia,  which  freely  dissolve  humus,  are  of  course  exceptions 
to  the  foregoing  rule ;  and  so  are  solutions  of  the  phosphates  of 
potash  and  of  soda,  and  especially  phosphate  of  ammonia,  for 
they  dissolve  humates  somewhat  in  the  same  way  that  the  alkaline 
carbonates  dissolve  them.  It  has  even  been  noticed,  both  by 
Schulze  and  by  Knop,  that  the  solutions  of  humates  which  ap- 
pear, as  above  described,  on  percolating  soils  with  water  after 
they  have  been  washed  free  from  saline  matters,  contain  appreci- 
ably larger  quantities  of  phosphoric  acid  than  the  first  filtrate  does. 
By  direct  experiment,  Knop  found,  that,  as  a  rule,  the  solubility 
of  humates  is  very  much  less  in  solutions  of  sulphate  of  potash, 
or  of  the  nitrates  of  potash  or  lime,  than  it  is  in  mere  water. 

According  to  Detmer,  humic  acid  itself  is  much  less  soluble  in 
solutions  of  chloride  of  potassium,  chloride  of  sodium,  and  nitrate 
of  potash,  than  it  is  in  pure  water.  The  mineral  acids,  i.  e.  hydro- 
chloric, sulphuric,  and  dilute  nitric  acids,  dissolve  no  more  than 
traces  of  humic  acid,  though  phosphoric  acid  can  dissolve  rather 
more.  Detmer  determined  that  one  part  of  humic  acid  dissolves 
in  8,333  parts  of  water  at  43°  F.  and  in  3,671  parts  at  65**.  Dry 
humate  of  ammonia,  on  the  contraiy,  is  readily  soluble ;  one  part 
of  it  dissolves  in  2^  parts  of  water. 

Few^  if  any^  Agricultural  Plants  feed  upon  Humus. 

Much  has  been  said  and  written  in  times  past  upon  the  question 
whether  or  not  crops  can  feed  upon  humus  directly,  i.  e.  as  to 
whether  humus  can  be  taken  in,  as  such,  by  the  plants  and  used 
as  food.  In  recent  years,  the  point  of  view  of  investigators  has 
changed  so  completely  that  it  is  not  easy  to  put  one's  self  in  the 
position  of  the  earlier  experimenters  or  to  do  full  justice  to  their 
theories.  As  has  been  set  forth  in  the  chapter  on  symbiosis,  there 
are  now  some  reasons  for  believing  that  humus  may  occasionally 
serve  a  useful  purpose  for  feeding  various  kinds  of  crops  through 
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the  intervention,  of  fangi,  which  while  living  npon  the  roots  of 
plants  and  feeding  upon  the  plants  and  upon  the  humus  of  the 
soil,  can  convey  both  carbonaceous  and  nitrogenous  matters  from 
the  humus  to  the  plants. 

There  are,  as  is  well  known,  various  kinds  of  plants  of  low 
orders  which  can  feed  directly  upon  humus,  upon  decaying  vege- 
table matters,  or  upon  dead  plants ;  but  it  is  a  familiar  fact  that 
most  agricultural  plants  (excluding  mushrooms  from  the  category) 
can  grow  perfectly  well  in  the  absence  of  humus.  This  fact  is 
illustrated  by  experiments  which  have  been  made  by  way  of  water 
culture,  and  by  those  made  with  factitious  soils.  Boussingault's 
sunflower,  for  example,  grew  to  perfection  in  a  soil  which  had 
been  purposely  freed  from  carbonaceous  matter,  excepting  what 
was  contained  in  the  seed  from  which  the  plant  sprung ;  and  similar 
results  have  been  obtained  by  many  other  observers.  Beside 
laboratory  experiments,  there  is  the  example  of  successful  agricul- 
ture in  many  sandy  countries,  where  fertility  has  been  obtained, 
even  from  the  first,  by  means  of  irrigation.  According  to  Gas- 
parin,  crops  of  peculiar  excellence  are  grown  on  certain  volcanic 
ashes  of  Vesuvius  {rapiUi)  which  contain  some  12  ^  of  potash, 
but  no  organic  matter. 

The  first  vegetation  on  the  globe  must  have  grown  without  the 
aid  of  humus,  even  more  certainly  than  is  the  case  with  the  plants 
of  low  orders  which  are  now  sometimes  to  be  seen  growing  upon 
bare  rocks,  or  of  the  sea-weeds  which  are  seen  growing  in  the 
water.  And  yet,  as  has  been  said  already,  the  presence  of  humus 
in  a  soil  may  perhaps  be  of  great  practical  importance  for  the 
support  of  microscopic  organisms,  and  so,  indirectly,  for  the 
nourishment  of  some  kinds  of  crops.  Even  before  the  doctrine  of 
symbiosis  had  been  formulated,  several  accurate  observers  had 
insisted  that  although  grain  crops  appear  to  be  quite  independent 
of  the  presence  of  organic  matters  in  the  soil,  certain  other  crops 
—  notably  root  crops  such  as  turnips,  and  mangolds,  and  sugar 
beets,  and  rape  —  are,  to  all  appearance,  often  materially  bene- 
fited by  manure  rich  in  carbonaceous  matters,  and  notably  by 
humus. 

It  is  to  be  said,  moreover,  that  although  humus  may  often  be 
dispensed  with  and  though  there  is  no  reason  for  supposing  that 
it  plays  any  important  part  directly  as  a  source  of  the  carbonace- 
ous food  of  agricultural  plants,  it  is  not  improbable  that  some  of 
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the  soluble  portions  of  hamus  may  be  taken  np  by  plants  from  the 
soil.  Detmer  has  found  indeed,  that,  although  humic  acid  and 
the  humates  are  colloid  bodies  and  non-diffusible,  apocrenic  acid 
and  its  salts,  which  result  from  the  oxidation  of  humus,  are  easily 
diffusible,  and  are  in  fact  taken  up  by  pea-plants. 

Petermann  also  found,  on  placing  several  different  kinds  of 
loams  on  parchment  paper,  the  other  side  of  which  was  kept  in 
contact  with  water,  that  not  only  inorganic  matters  (viz.  lime, 
magnesia,  iron,  potash,  soda,  and  sulphuric,  hydrochloric,  silicic, 
phosphoric,  and  nitric  acids)  passed  out  from  the  loam  through 
the  paper  by  way  of  osmose,  but  that  appreciable  quantities  of 
soluble  organic  matter  also  diffused  out  from  the  loam  into  the 
water.  He  found  that  quantities  of  matter  ranging  from  0.04  to 
0.26  grm.  passed  out  from  100  grm.  of  loam  into  the  water  in  ten 
days'  time,  and  that  from  0.01  to  0.18  grm.  of  this  matter  was 
organic.  In  fact,  the  amounts  of  organic  matter  which  passed 
through  the  membrane  varied  from  20  to  69  %  of  the  total  matter 
which  passed  through. 

Petermann  remarks,  that  this  organic  matter  is  neither  humic 
acid,  nor  humate  of  ammonia,  nor  the  so-called  black  matter  of 
Grandeau,  all  of  which  substances  are  colloid  and  non-diffusible. 
It  recalls  rather  the  neutral  soluble  organic  matter,  '^  analogous  to 
dextrin  or  sugar,"  which  was  extracted  from  loams  long  ago  by 
De  Saussure,  and  by  Verdeil  and  Risler. 

Plants  can  Feed  on  Organic  Matters, 

Chevreul  insisted  long  ago  that  plants  can  take  in  blood  as  such 
and  put  it  to  profit,  and  it  was  shown  subsequently  that  they  can 
feed  upon  various  nitrogenized  carbonaceous  matters,  such  as 
urea,  for  example.  There  are  in  fact  some  kinds  of  plants  which 
habitually  capture  insects  and  feed  upon  them.  It  has  been  shown 
moreover  by  the  experiments  of  Van  Tieghem,  that,  for  the  sup- 
port of  germinating  seeds,  it  is  not  essential  that  the  cellular  struc- 
ture of  the  store  of  nutritive  matter  which  naturally  surrounds  the 
germ  or  embryo  of  the  seed  should  be  preserved  intact.  That  is 
to  say,  it  is  not  strictly  necessary,  in  order  that  a  seed  may  grow 
to  the  condition  of  a  self-sustaining  plant,  that  there  shall  be  an 
actual,  organic,  cellular  connection  between  the  embryo  and  the 
supply  of  nutritive  matter.  He  detached  the  embryo  of  Mirabilis 
(Marvel  of  Peru),  from  the  remainder  of  the  seed,  ground  the 
latter,  together  with  a  little  water,  to  paste  in  a  mortar,  and  placed 
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the  embryo  in  a  ball  of  this  paste  under  conditions  suitable  for 
germination.  The  embryo  sprouted  in  due  course  and  grew  as 
well  as  if  it  had  been  left  in  an  unmutilated  seed.  On  substitut- 
ing a  paste  of  buckwheat  flour  for  the  ground-up  seeds,  the  ex- 
periment succeeded  as  well,  and  in  still  other  experiments  where 
potato  starch  was  used  it  appeared  that  a  considerable  portion  of 
this  material  was  consumed  by  the  young  sprout,  especially  when 
small  quantities  oCnitrates,  phosphates,  etc.,  had  been  mixed  with 
the  starch. 

It  is  now  known  very  well  that  as  a  matter  of  fact  most  plants 
if  not  all  plants  can  be  supported  in  some  part  by  solutions  of 
various  organic  substances.  Boehm  has  shown  that  starch  forms 
readily,  even  in  the  dark,  in  the  green  leaves  of  many  different 
kinds  of  plants  when  cut  off  from  the  parent  stem  and  immersed 
in  a  solution  of  sugar,  and  this  observation  has  been  repeatedly 
verified.  The  researches  of  A.  Mayer,  E.  Laurent,  Bokomy,  and 
others,  have  proved  that  the  green  leaves  of  many  plants  can  take 
in  sugars  (of  various  kinds)  and  transform  them  to  starch ;  and 
similar  results  have  been  obtained  when  leaves  freed  from  starch 
were  supplied  with  mannite,  dulcite,  glycerin,  methyl  alcohol, 
methylal,  ethylenglycol,  etc.  In  one  of  Bokorny's  experiments, 
Lemna  plants  which  were  kept  in  the  dark,  and  fed  with  a  one- 
thousandth  solution  of  glycerin,  as  well  as  with  ash-ingredients, 
doubled  their  weight  in  the  course  of  16  days.  A  very  consider- 
able increase  in  weight  was  noticed  also  in  the  case  of  Cladophora 
plants  fed  with  the  glycerin  solution.  In  another  tiial,  Cladophora 
plants  kept  in  the  dark  and  supplied  with  mineral  food,  and  a 
one-tliousandth  solution  of  methyl  alcohol  nearly  doubled  their 
weight  in  a  fortnight,  as  compared  with  plants  similarly  situated 
which  got  none  of  the  alcohol.  Bokomy  insists  that  in  all  these 
cases  where  plants  kept  in  air  free  from  carbonic  acid  are  fed  with 
organic  matter,  the  starch  formed  from  the  organic  matter  is  seen 
to  appear  in  the  chlorophyl  grains  and  not  outside  of  them. 

Acton  also  found  that  plants  or  shoots  grown  by  way  of  water- 
culture,  and  deprived  of  starch  by  keeping  them  in  air  free  from 
carbonic  acid,  formed  starch  when  an  extract  of  humus  —  pre- 
pared by  digesting  leaf -mould  in  dilute  alcohol  and  filtering  — 
was  supplied  to  their  roots,  though  not  when  the  extract  was  ap- 
plied to  their  leaves.  Glucose  in  0.5  %  solution  was  more  readily 
taken  up  by  the  roots  than  cane-sugar  was.     The  roots  withdrew 
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all  the  glucose  from  a  1  ^  Bolation,  and  remained  healthy  while 
starch  was  produced.  Starch  was  formed  in  these  plants  when 
soluble  starch  was  applied  to  their  leaves,  but  not  when  applied  to 
the  roots. 

As  has  already  been  set  forth  in  the  chapter  on  Symbiosis,  it  is 
well  known  that  fungi  —  such  as  mushrooms,  moulds,  and  yeast 
—  readily  assimilate  carbon  from  the  organic  matters  on  which 
they  feed,  and  it  might  be  said  with  truth  that  the  higher  orders 
of  plants  are  really  supplied  with  carbonaceous  matters  in  much 
the  same  way  as  the  fungi,  since  the  action  of  the  chlorophyl 
grains  is  merely  to  change  the  carbonic  acid  of  the  air  into  car- 
bonaceous compounds  which  speedily  mix  with  the  juices  in  the 
plant  and  pass  about  from  one  part  of  the  plant  to  another  for  the 
purpose  of  feeding  it. 

Schmidt  has  shown  that  neutral  fats  and  oils  and  even  free 
oleic  acid  serve  well  as  food  for  various  species  of  moulds  and 
for  mosses,  and  that  oil  is  absorbed  by  many  germinating  plants 
also,  such  as  peas.  According  to  Loew,  the  following  chemical 
substances  —  used  in  neutral  or  faintly  alkaline  solutions  —  can 
serve  as  sources  of  carbon  for  the  production  of  vegetable  cells, 
viz.  alcohols,  phenols,  organic  acids,  ketones,  aldehydes,  carbo- 
hydrates, ethers  and  esters,  and  many  alkaloids. 

Foiination  of  Starch  from  Formic  Aldehyde. 

It  has  been  remarked  already  in  the  second  chapter  of  this 
book,  when  treating  of  the  fixation  of  carbon  by  plants,  that 
possibly  the  organic  substance  known  as  formic  aldehyde  (COH,) 
might  result  from  the  simultaneous  decomposition  of  carbonic  acid 
and  water  in  the  chlorophyl  grains  and  serve  as  material  for  the 
formation  of  sugar,  starch,  and  the  various  other  proximate  prin- 
ciples of  the  plant.  This  idea  has  been  subjected  to  the  test  of 
experiment,  and  there  are  good  reasons  for  believing  that  it  is 
well  founded.  Formic  aldehyde  when  prepared  artificially  outside 
the  plant,  and  applied  as  such,  acts  on  vegetation  as  a  poison  and 
consequently  cannot  be  used  for  the  experiments  now  in  question. 
But  there  is  a  non-poisonous  compound  of  formaldehyde  with 
sodium  sulphite  —  known  as  formaldehyde-sulphite  of  sodium,  or 
as  oxymethyl-sulphonate  of  sodium  —  which  has  been  employed 
with  success  by  Loew  and  by  Bokorny.  The  supposition  is  that 
this  substance  is  decomposed  so  slowly  and  gradually  by  the 
protoplasm  in  the  plant-cells  that  the  formic  aldehyde  changes  to 
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sugar  or  starch,  or  what  not,  as  fast  as  it  is  set  free,  and  that  not 
enough  of  it  to  injure  the  cells  is  produced  at  any  one  moment. 

Specimens  of  the  filamentous  alga  spirogyra  were  deprived  of 
their  starch  by  keeping  them  in  the  dark  for  a  day  or  two,  or  in 
solutions  that  contained  no  potash,  and  were  then  placed  in  a 
solution  of  the  formaldehyde  compound  to  which  a  little  phosphate 
of  potash  had  been  added.  On  exposing  these  plants  to  light,  in 
air  that  contained  no  carbonic  acid,  it  soon  appeared  that  an 
abundance  of  starch  had  formed  within  the  plants,  while  in  con- 
trol experiments,  no  starch  was  formed  in  plants  similarly  situated 
to  the  foregoing  excepting  that  they  had  not  received  any  of  the 
compound  of  formic  aldehyde.  Similar  experiments  were  tried 
also  and  corresponding  results  were  obtained  with  another  non- 
poisonous  compound,  methylal,  which  readily  yields  formic  alde- 
hyde as  a  pr9duct  of  its  decomposition. 

It  is  to  be  said  f  urtheimore  that,  by  resorting  to  purely  chemi- 
cal means,  several  chemists  have  obtained  from  formic  aldehyde 
substances  which  resemble  sugar,  and  there  is  no  longer  any  im- 
probability in  the  idea  that  this  compound  may  really  serve  as  a 
means  of  feeding  plants. 

Loew  has  suggested  also  that  the  nitroud  ferment  when  acting 
upon  ammonia  may  not  oxidize  this  substance  completely,  as  rep- 
resented by  the  equation 

2  NHg  +  O.  =  2  HNOa  +  2  H^O, 
but  that  the  oxidation  may  be  incomplete,  as  in  the  equation 

2  NHg  +  O4  =  2  HNOj  +  H„ 
and  that  the  nascent  hydrogen  may  be  put  to  use  in  the  proto- 
plasm of  the  ferment  fungus  for  the  reduction  of  carbonic  acid :  — 

CO,  +  H4  =  COH,  +  H2O, 
and  that  the  formic  aldehyde  thus  produced  may  serve  for  the 
formation  of  carbohydrates  and  albuminoids.  From  all  of  which 
it  appeara  that  there  was  no  improbability  in  the  old  supposition 
that  organic  matters  taken  into  the  plant  from  the  soil  might  sei-ve 
to  nourish  it  in  respect  to  carbon.  On  the  contrary,  the  familiar 
fact  of  observation  that  many  plants  —  which  have  few  or  no 
chlorophyl  grains  —  are  nourished  by  soluble  carbonaceous  matters 
taken  in  through  their  roots  seemed  to  indicate  that  all  plants 
might  take  carbon  from  the  soQ  on  occasion. 

It  is  a  matter  of  experience,  however,  that  the  amount  of  car- 
bonaceous matter  thus  taken  in  by  the  roots  of  agricultural  plants 
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is,  under  ordinary  circumstances,  too  small  to  be  worth  consider- 
ing; though  there  are  still  some  exceptional  cases,  as,  for  ex- 
ample, that  of  the  smart-weed  and  other  rank-growing  plants  that 
flourish  on  the  edges  of  barnyard  pools,  where  the  amount  of  sol- 
uble carbonaceous  matter  absorbed  may  possibly  be  sufficient  to 
exert  an  appreciable  influence  on  the  growth  of  the  plant.  But  it 
must  always  be  remembered  that  it  is  the  nitrogen  of  the  dung 
liquor  that  causes  the  rank  growth  of  weeds,  which  attracts  atten- 
tion to  them.  (Compare  ««  How  Crops  Feed," pages  232  to  238.) 
AUmminoids  also  may  be  derived  from  Formaldehyde  and 
Ammonia, 

According  to  Loew,  it  is  probable  that  albuminoids  are  formed 
by  way  of  condensation  from  the  group  CHOH  (together  with  am- 
monia and  sulphur)  in  a  manner  analogous  to  that  in  which  carbo- 
hydrates are  formed,  and  this  view  consists  with  the  well  known 
fact  of  the  mutual  convertibility  of  albuminoids  and  amids.  Loew 
suggests  that  by  the  triple  condensation  of  4  CHOH,  in  presence 
of  ammonia,  there  might  be  formed  the  aldehyde  of  aspartic  acid 
Cis  Hn  N8O4,  which,  when  subjected  to  further  condensation  under 
the  influence  of  reducing  agents,  in  the  presence  of  assimilable 
sulphur,  would  be  competent  to  produce  albumin :  — 

6  C,,H„N,0,  +  6  H,  +  H,S  «  C„H,,,N,3S0„  +  2  H,0. 
It  is  to  be  presumed  also  that  oils  and  fats  are  formed  in  plants 
by  processes  of  condensation  analogous  to  those  which  produce 
sugar  and  starch. 

In  experiments  made  by  Loew,  it  was  found  that  albuminoids 
were  formed  in  abundance  in  spirogyra  plants  that  were  grown  in 
the  dark  in  a  solution  that  contained  a  compound  of  formaldehyde 
and  nitrite  of  potash.  Certain  bacteria  also  grew  rapidly  in  solu- 
tions which  contained  the  formaldehyde  compound  as  the  sole 
source  of  carbonaceous  food.  The  suggestion  has  been  thrown 
out  that  perhaps  the  presence  of  potash  salts  may  promote  the 
condensation  of  aldehyde  groups,  as  above  set  forth,  though  it 
has  been  observed  in  the  case  of  certain  fungi,  that  cesium  and 
rubidium  serve  the  same  physiological  purposes  as  potassium. 
Can  Humus  Feed  Plants  Indirectly  f 

As  a  substitute  for  the  old  so-called  humus  theory  above  al- 
luded to,  it  was  taught  at  one  time  that  although  humus  may  not 
nourish  plants  directly,  or  be  absorbed  and  assimilated  as  such,  it 
is  nevertheless  extremely  useful  as  a  slow  and  constant  source  of 
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carbonic  acid  to  be  absorbed  by  the  roots.  The  idea  was,  that, 
like  leaves,  roots  could  absorb  carbonic  acid,  and  that  they  could 
extract  from  the  soil  the  carbonic  acid  which  is  generated  there 
by  the  oxidation  of  the  humus.  But  this  supposition  was  dis- 
proved by  the  experiments  of  Corenwinder,  already  alluded  to, 
who  showed  that,  far  from  being  absorbed  by  the  roots  of  plants, 
carbonic  acid  is  continually  given  off  from  the  roots.  Moll  found, 
moreover,  that  starch  was  not  formed  in  the  leaves  of  plants  that 
were  kept  in  atmospheres  free  from  carbonic  acid  while  carbonic 
acid  was  supplied  to  their  roots.  Indeed,  starch  was  not  even 
formed  in  individual  leaves  kept  in  atmospheres  free  from  car- 
bonic acid  when  the  other  leaves  of  the  plant  were  abundantly 
supplied  with  this  gas.  Nor  was  starch  formed  in  parts  of  leaves 
that  were  kept  in  air  free  from  carbonic  acid  while  the  rest  of  the 
leaf  was  supplied  with  it.  No  appreciable  increase  in  the  rate  of 
formation  of  starch  could  be  detected  in  the  leaves  of  plants 
growing  in  the  open  air  when  carbonic  acid  was  supplied  to  their 
roots. 

The  experiments  of  Deh^rain  and  Yesque  in  like  manner  go  to 
show  that  no  carbonic  acid  is  taken  in  from  the  soil  by  plants  to 
be  used  by  the  leaves.  These  observers  were  unable  to  detect  any 
evolution  of  oxygen  from  the  leaves  of  plants  unless  carbonic  acid 
was  supplied  to  the  leaves  directly  from  the  air.  Of  course,  much 
carbonic  acid,  formed  by  the  oxidation  of  humus  in  the  soil,  is 
continually  thrown  into  the  air,  as  has  been  already  explained, 
and  is  there  put  to  profit  by  the  leaves  of  plants. 


CHAPTER  XXX. 

DUNG   AND    URINE. FARMTARD-MANURE. 

The  fertilizing  power  of  animal  excrements  depends  so  nearly 
upon  the  quality  and  quantity  of  the  food  which  the  animals  have 
eaten  that  it  is  difficult  to  arrive  at  just  conclusions  as  to  the 
average  chemical  composition  of  any  one  kind  of  dung,  or  to  frame 
precise  rules  for  its  preservation  and  application. 

The  really  useful  constituents  of  the  excrements  are  certain 
compounds  of  nitrogen,  of  phosphoric  acid  and  potash  together 
with  small  quantities  of  compounds  of  lime,  magnesia  and  soda. 
These  substances  are  known  to  act  either  directly  as  plant-food. 
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or  as  means  for  improving  the  water-holding  power  of  the  soils  to 
which  manure  has  been  applied.  Several  of  these  matters  are 
held  in  solution  in  urine,  which  is  on  this  account  a  fertilizing 
agent  of  quick  action.  All  of  the  constituents  of  urine  are  in  a 
condition  to  be  put  to  use  immediately  by  growing  plants.  Dung, 
on  the  other  hand,  i.  e.  the  dung  of  cows,  horses  and  sheep,  con- 
sists for  the  most  part  of  undigested  remains  of  vegetable  matters 
which  the  animals  have  eaten,  and  since  these  refractory  materials 
decompose  but  slowly  in  the  soil,  the  plant-food  contained  in 
them  can  only  gradually  become  available.  It  is  true,  moreover, 
that  mere  dung  contains  no  very  large  amount  of  humus-produc- 
ing materials ;  though,  as  ordinarily  applied  to  the  land,  in  the 
form  of  farmyard-manure,  it  is  usually  mixed  with  much  straw  or 
other  organic  matters  which  have  served  as  bedding  for  the  ani- 
mals, or  been  rejected  from  their  cribs. 

It  has  been  found  by  experiments,  that  the  weight  of  the  dried 
excrements  either  of  horses  or  cows  amounts  on  the  average  to  a 
little  less  than  one-half  the  weight  of  the  dry  matter  in  the  food 
consumed.  The  rest  of  the  food  has  either  gone  out  from  the 
body  in  the  form  of  carbonic  acid  or  water,  or  been  converted  in 
the  body  into  flesh,  milk,  wool  or  the  like. 

As  regards  the  inorganic  matters  of  the  food,  the  whole  of  them 
do,  of  course,  go  into  the  manure.  It  is  plain  enough,  at  the  first 
glance,  that,  in  so  far  as  the  inorganic  matters  are  concerned,  a 
herd  of  cattle  fed  upon  grain  (which  is  rich  in  phosphoric  acid) 
will  yield  manure  of  far  higher  value,  as  regards  phosphoric  acid, 
than  a  similar  number  of  cattle  fed  only  on  the  straw  from  which 
the  grain  was  threshed.  Even  if  this  second  parcel  of  cattle  were 
fed  upon  straw  and  roots,  the  value  of  the  manure,  as  regards  the 
phosphatic  constituents,  would  still  be  less  than  that  from  the 
grain-fed  beasts. 

But  as  regards  the  nitrogen  compounds,  which  have  on  the 
whole  a  much  higher  money  value  than  either  of  the  other  con- 
stituents in  the  manure,  the  question  is  far  less  simple.  Much 
depends,  indeed,  upon  the  quantity  of  the  food  eaten,  as  well  as 
upon  its  composition  and  quality.  When  animals  are  allowed  to 
eat  their  fill  of  rich  food  which  contains  much  nitrogen,  compara- 
%tively  large  quantities  of  the  nitrogenized  products  of  digestion 
will  pass  through  them,  and  their  manure  will  be  exceptionally 
rich  in  nitrogen. 
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On  the  other  hand,  it  would  be  easy  to  maintain  cattle,  even  in 
tolerable  condition,  on  such  a  ration  of  straw  admixed  with  a  little 
grain  or  with  small  additions  of  roots,  that  the  dung,  though  rich 
in  inorganic  materials,  would  be  exceptionally  poor  in  nitrogen. 
Indeed,  it  is  known  to  be  possible  to  substitute  pure  cellulose 
(paper-maker's  pulp)  for  the  straw  in  this  experiment,  and  so  to 
reduce  the  proportion  of  nitrogen  in  the  dung  still  lower.  But,  by 
feeding  liberally  with  oil-cake,  cotton-seed-meal,  or  other  highly 
concentrated  fodder,  it  is  easy  to  obtain  dung  rich  in  nitrogen  as 
well  as  in  ash-ingredients.  Practically,  the  amount  of  nitrogen 
in  the  food  is  of  paramount  importance  in  determining  the  quality 
of  the  manure.  The  larger  part  of  the  nitrogen  compounds  in 
food  undergo  changes  in  the  bodies  of  animals  which  increase 
their  efficiency  as  fertilizing  agents. 

One  good  illustration  of  the  influence  of  food  on  the  quality  of 
manure  is  seen  in  the  well-known  difference  between  the  dung  of 
grain-fed  horses,  and  that  of  horses  fed  solely  upon  hay  or  grass. 
Marshall,  writing  in  1796,  says:  "Beside  his  unfair  method  of 
feeding  (on  particular  patches  of  grass) ,  the  horse  is  disliked  in 
pastures,  on  account  of  the  worthlessness  of  the  dung  of  horses  at 
grass.  This  appears  somewhat  paradoxical  when  the  superior 
value  of  their  dung  in  the  stable  is  considered.  But  the  idea  is 
not  confined  to  this  district  [Yorkshire]  nor  to  England  alone ;  it 
prevails  in  America,  and  more  or  less  in  every  place  where  hus- 
bandmen observe  attentively." 

Generally  speaking,  however,  the  manure  obtained  from  neat 
cattle  will  be  found  to  vary  more  widely  as  to  its  composition  than 
that  obtained  from  horses,  since  the  food  of  cattle  is  usually  sub- 
ject to  much  greater  differences  than  the  food  of  horses.  Indeed, 
it  is  on  this  account  no  easy  matter  to  arrive  at  just  conclusions 
as  to  the  average  composition  of  the  manure  of  cattle. 
Influence  of  Food  on  Manure. 

Everything  goes  to  show  how  intimately  the  question  of  prepar- 
ing manure  is  connected  with  that  of  feeding  cattle.  On  every 
farm  there  must  evidently  be  some  one  particular  style  of  feeding, 
which  shall  give,  all  things  considered,  the  best  possible  economic 
results  for  that  farm. 

In  one  place  it  will  be  good  policy  to  expend  the  food  in  such* 
manner  that  the  largest  possible  proportion  of  the  nitrogen  in  it 
shall  serve  merely  to  maintain  the  animals,  while  in  another  place, 


FOOD   AlsD  MANURE.  226 

where  the  conditions  and  requirements  are  different,  it  may  be 
best  to  have  a  pail  of  the  nitrogen  pass  through  the  animals  to  the 
credit  of  the  manure,  even  if  it  should  happen  that  a  part  of  the 
food  were  not  digested  at  all. 

It  must  often  happen  that  the  backwoodsman  or  newlj  settled 
immigrant,  no  matter  where,  will  be  in  the  predicament  first  men- 
tioned. Suppose,  for  example,  that  at  the  beginning  of  winter  he 
finds  himself  encumbered  with  several  head  of  cattle  in  rather  poor 
condition,  and  that  he  has  but  a  scanty  supply  of  fodder.  He 
has  no  means  of  disposing  of  these  cattle  or  of  buying  fodder  for 
them ;  and  they  are  by  no  means  fat  enough  that  any  advantage 
could  be  gained  by  salting  down  their  flesh.  In  this  event,  there  can 
be  no  question  that  the  farmer  should  expend  what  fodder  he  has  in 
such  wise  that  the  largest  possible  proportion  of  the  nutrient  mat- 
ters in  it,  woody  fibre  included,  shall  go  to  maintain  the  animals. 
The  aim  will  be  to  economize  food  to  the  utmost,  without  thought 
of  the  manure.  Any  rich  food,  such  as  English  hay  or  refuse 
grain,  that  may  be  at  hand,  will  be  doled  out  little  by  little,  as  an 
addition  to  and  reinforcement  of  the  coarse  swamp-hay  and 
^^  browse,"  by  means  of  which  the  appetites  of  the  animals  are 
appeased.  But  the  dung  from  such  a  stable  would  compare  very 
unfavorably  with  that  from  a  parcel  of  cattle  fatting  for  market, 
and  consuming  as  much  oil-cake,  for  example,  as  they  can  well  be 
made  to  eat. 

The  case  of  the  half -starved  cattle  here  mentioned  is  by  no 
means  an  uncommon  one.  It  must  occur  every  few  years,  and 
especially  after  dry  summers,  in  all  Northern  countries  where  the 
winters  are  long,  and  where  there  are  many  small  farmers.  It 
may  be  seen  here  in  New  England  not  infrequently  when  young 
cattle  are  pulled  through  the  winter  on  rather  inadequate  rations 
of  bog-meadow  hay,  or  even  upon  coarser  forage  than  that,  rein- 
forced with  as  little  of  better  kinds  of  foods  as  may  suflSce  to  keep 
the  animals  alive.  It  does  not  follow,  in  the  least,  that  the  prac- 
tice is  an  unphilosophical  one.  On  the  contrary  it  is,  generally 
speaking,  sensible  and  praiseworthy  in  a  land  of  rocky  pastures, 
where  not  a  few  farmers  can  keep  in  summer  many  more  cattle 
than  they  can  provide  rich  food  for  in  winter. 

Of  couree,  the  poorly  fed  animals  must  not  be  brought  too 
near  the  starvation  point.  But  this  consideration  is  beside  the 
present  question.     The  point  to  be  urged  now  is  simply  that 
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the  dung  from  the  half -fed  cattle  cannot,  by  any  possibility,  be 
very  rich. 

Twice'eaten  Fodder. 
To  see  this  argument  redaced  to  its  lowest  terms,  we  may  torn  to 
an  old  Norwegian  custom  which  enabled  the  peasants  to  go  so  far 
as  actually  to  use  their  supply  of  hay  twice  over.  Many  travellers 
have  noticed  the  practice.  The  following  description  of  it  is 
quoted  from  Mr.  Laing's  ^^  Residence  in  Norway,"  London,  1859, 
page  272.     Under  date  of  February  11,  he  says :  — 

'^I  saw  this  forenoon  a  piece  of  rural  management  which  will 
scarcely  be  believed.  The  stock  of  this  farm  is  30  cows  and  16 
horses.  The  latter,  of  course,  get  no  grain.  A  man  came  out  of  the 
stable  with  as  much  horse  dung  as  could  he  heaped  on  his  spade,  and 
laid  it  down  on  the  snow.  He  brought  one  spadeful  after  another 
till  the  stable  was  cleaned  out,  and  he  placed  each  spadeful  in  a  little 
heap  by  itself.  He  then  let  out  the  cows,  which  ran  to  the  dung  and 
ate  it  with  great  relish.  This  repast,  it  seems,  was  regularly  given 
to  them  once  a  day. 

"  These  cows  were  far  from  being  in  a  starving  condition,  or 
driven  by  hunger  to  this  strange  diet.  They  were  frolicsome,  and 
their  skins  clean  and  glossy.  They  were  not  at  all  <  at  the  lifting,' 
as  it  is  called  in  Scotland  when  the  cattle  of  a  small  farmer  are,  from 
mere  starvation,  scarcely  able  to  rise.  They  would  have  been  reck- 
oned in  very  fair  condition  for  lean  stock,  not  intended  for  the  mar- 
ket, in  any  ordinary  farm  in  the  North  of  Scotland.  The  practice  is 
general  on  the  skirts  of  the  Fjelde,  about  Boraas,  and  over  all  Ber- 
gens  Amt. 

"If  by  a  substitute  like  this  the  farmer  can  save  a  fourth  part  of 
hay  that  would  otherwise  be  consumed,  and  can  show  a  stock  of 
cattle  in  such  very  fair  condition  for  the  month  of  February,  the 
management  may  not  be  so  laughable  as  it  appears  at  first. 

"  The  inferior  animals  appear  to  be  capable  of  forming  acquired 
tastes  as  well  as  man.  If  the  farmer  can  avail  himself  of  these, 
whether  produced  at  first  by  hunger  or  imitation,  so  as  to  spare  other 
food,  he  is  wise  in  doing  so.  He  should  not  wait  until  the  cattle  are 
starving  before  giving  them  substitutes  for  hay  or  straw.'* 

The  bearing  of  this  narrative  upon  what  has  been  said  of  the 
value  of  dung  is  manifest.  Since  most  of  the  waste  nitrogen  re- 
sulting from  the  consumption  of  food  goes  off  in  the  urine  any- 
way, it  is  evident  that  the  twice  digested  constituents  of  the  dung 
will  be  pretty  thoroughly  deprived  of  nitrogen;  and  since  the 
horses  observed  by  Mr.  Laing  got  nothing  but  hay  in  the  first 
place,  the  final  cow-dung  can  hardly  have  been  very  rich,  except 
in  inorganic  ingredients.  It  is  an  old  adage  that  ''when  cattle 
eat  straw  they  void  straw."    It  is  probable  that  the  old  custom 
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above  described  may  have  prevailed  formerly  to  a  certain  extent 
in  many  localities.  Gasparin  tells  us  that  cow-keepers  in  the 
towns  of  Soathem  France  habitually  buy  straw  which  has  served 
for  bedding  horses  and  feed  it  to  their  cows,  by  whom  it  is  eaten 
greedily,  because  of  its  saline  taste.  The  practice  has  the  sanc- 
tion of  high  antiquity,  to  judge  from  Kipling's  statement  that  the 
milch  buffaloes  kept  in  the  great  cities  of  India  are  habitually  fed 
upon  horse-manure.  No  matter  how  unpleasant  these  practices 
may  seem  to  us,  it  will  be  admitted  that  they  teach  an  instructive 
lesson  as  to  the  relations  of  food  to  dung. 

Manure  from  Stall-fed  Cattle. 

On  the  other  hand,  there  are  certain  districts  in  Europe,  as  will 
be  explained  more  fully  under  the  head  of  Farms,  where  cattle  are 
kept  less  for  the  milk  or  flesh  they  yield  than  for  the  sake  of  the 
manure  which  is  obtained  from  them.  In  the  rich  farming  region 
about  Dresden,  in  Saxony,  for  example,  the  land  is  kept  up  to  the 
wheat-producing  standard  by  means  of  stables  of  milch-cows.  The 
cows  are  fed  largely  upon  clover  and  distillery  refuse  from  pota- 
toes,—  these  crops  being  grown  in  rotation  with  wheat.  The 
ultimate  purpose  of  the  manure  is  to  enable  the  farmer  to  grow 
wheat  which  is  sold  off  the  farm  as  a  money-bringing  crop.  Milk, 
or  some  dairy  product,  is  sold  also ;  but  it  is  sold  for  what  it  will 
fetch,  and  is  held  to  be  a  secondary  consideration,  the  manure  for 
the  wheat  being  always  of  paramount  importance. 

Under  these  conditions,  the  farmer's  aim  is  to  obtain  in  the 
dung  and  urine  of  his  animals  the  largest  possible  quantity  of 
manure  of  the  best  possible  quality.  For  him,  the  dictum  that 
^Hhe  richer  and  the  more  abundant  the  food,  the  better  the  ma- 
nure," has  a  very  different  meaning  from  what  it  had  years  ago 
for  the  Norwegian  peasant. 

So  too  in  England,  it  has  long  been  customary  to  buy  fertilizing 
matters  indirectly,  i.  e.  in  the  form  of  concentrated  fodders,  of 
one  kind  or  another,  which  are  used  at  the  farm  to  fatten  cattle, 
whose  manure  is  employed  to  enrich  the  farm.  Even  before  the 
beginning  of  this  century,  Marshall  noticed  in  the  rich  farming 
districts  of  the  County  Kent,  that  ^'Cattle  are  fed  on  oil-cake, 
without  any  other  other  view  to  profit  than  that  of  affording  dung 
of  a  superior  quality." 

It  is  to  be  noted  however,  that  in  actual  practice  it  does  not 
follow  that  a  ton  of  farmyard-manure  obtained  from  richly  fed 
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animals  will  necessarily  be  stronger  than  a  ton  of  manure  from  a 
stable  where  the  animals  are  less  richly  fed,  becaase  the  manure 
may  be  much  more  largely  diluted  with  straw,  or  other  litter,  in 
the  one  case  than  in  the  other.  In  point  of  fact,  many  kinds  of 
foods,  rich  in  nitrogen,  will  cause  an  increased  secretion  of  urine 
and  will  consequently  lead  to  the  use  of  more  abundant  supplies 
of  bedding,  so  that,  after  all,  a  given  weight  of  the  manure  may 
not  contain  any  larger  percentage  of  nitrogen  than  would  be  found 
in  the  same  weight  of  manure,  obtained  at  another  stable  from 
an  inferior  kind  of  food. 

Fertilizing  Value  of  Cattle  Foods. 
As  a  i*ule,  the  farmer  both  in  buying  and  selling  cattle  food 
should  take  note  of  the  value  of  the  fertilizing  matters  which  are 
contained  in  it.  For  example,  there  are  found  in  one  ton  (2,000 
lb.)  of  various  foods,  the  following  weights  of  fertilizing  sub- 
stances :  — 

Fhosp.  Acid. 


English  hay  . 
Red  clover  hay 
Dry  com  stover 
Wheat  straw  . 
Oat  grain  .  . 
Indiau  corn  . 
CJotton-seed-meal 
Wheat  bran  . 
Malt  sprouts  . 
Mangolds  .  < 
Turnips     .    . 


Potaah. 
lb. 

.  34 

.  40 

.  34 

.  10 

.      8 

.      7 

.  44 

.  27 

.  42 

.      9 

.      6 


8 

12 

8 

4 

11 

11 

69 

68 

26 

2 

2 


Ibf 

26 

42 

10 

6 

40 

82 

140 

44 

74 

4 

3 


Estimated  Value.^ 
f 

4.63 

6.60 

2.93 

1.65 

4.91 

4.07 
18.39 

8.62 
10.64 

a91 

0.67 


Fertilizers  carried  off  in  Milk. 

From  a  milk  farm  a  considerable  quantity  of  fertilizing  matters 

will  naturally  be  sent  away  in  the  milk ;  about  half  a  pound  of 

nitrogen,  namely,  nearly  a  quarter  of  a  pound  of  potash,  and  one 

fifth  of  a  pound  of  phosphoric  acid  in  every  hundred  pounds  of 

^  In  estimating  the  valae  of  these  fodders,  the  pound  of  potash  (KsO)  is  assumed  to  be 
worth  f 0.045,  the  pound  of  phosphoric  acid  (P3O6)  90.05,  and  the  pound  of  nitrogen  fO.lO, 
which  is  much  too  low  In  certain  cases,  as  in  cotton-seed-meal,  for  eiample,  in  malt 
sprouts,  and  in  bran.  Perhaps  15  oents  the  pound  for  nitrogen  would  be  a  fairer  estimute 
in  these  three  instances.  Still,  the  cost  of  handling  the  heary  dung  diminishes  the  Talue 
of  its  constituents,  as  compared  with  thoee  contained  in  concentrated  commercial  f  ertl- 
lizers.  MoreoTer,  the  prices  paid  for  artificial  fertilizers  are  justified  by  the  special  uses 
to  which  they  are  put,  viz.  the  forcing:  of  crops  which  stand  in  need  of  one  or  another  of 
them.  But  it  would  not  be  proper  to  allow  so  high  a  price  for  either  of  the  oonstitnents 
of  farm-mannre  in  case  the  manure  is  to  be  put  upon  soils  or  crops  which  haTS  no  partic- 
ular need  of  them.  The  data  which  relate  to  the  composition  of  the  foddeit  are  taken 
from  the  tebles  at  the  end  of  "  How  Crops  Grow,"  —the  first  edition. 
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the  liquid.  Hence,  in  case  a  cow  gives  2,000  quarts,  or  4,800  lb. 
of  milk  in  a  year,  and  the  milk  be  all  sold  as  such,  there  would  be 
carried  away  from  the  farm  22  lb.  of  nitrogen,  11  lb.  of  potash, 
and  9  lb.  of  phosphoric  acid,  to  say  nothing  of  the  chemical 
composition  of  the  calf  which  is  produced  every  year.  But  since 
in  order  to  get  so  large  an  amount  of  milk  the  cow  must  be  richly 
fed,  her  manure  will  be  doubly  valuable,  so  that  the  real  loss  of 
fertility  to  the  farm  where  milk  is  sold  will  be  less  than  the  fore- 
going figures  would  seem  to  indicate,  and  less,  indeed,  than  would 
be  the  case  on  many  farms  where  crops  are  sold  directly. 
Old  Views  as  to  the  Relaiicnis  between  Food  and  Manure, 

It  is  an  old  rule  that  the  dung  and  urine  of  cattle  represent  the 
plants  upon  which  the  cattle  have  fed  minus  those  portions  of  the 
food  which  have  been  abstracted  by  the  acts  and  processes  of 
nutrition.  But  it  is  a  rule  which  must  not  be  taken  too  literally, 
in  view  of  the  great  changes  in  chemical  composition  which  the 
components  of  the  plants  undergo  within  the  animals. 

Young  cattle,  in  growing,  do  of  course  subtract  from  the  dung 
product  whatever  of  phosphoric  acid  or  of  nitrc^en  is  laid  up 
within  them  to  form  bone,  or  flesh,  or  hide,  or  hair,  or  gristle.  So 
too  in  respect  to  breeding  animals,  and  to  those  which  produce 
wool  or  milk.  Moreover,  it  was  thought,  formerly,  that  a  con- 
siderable portion  of  the  nitrogen  of  the  food  of  aU  animals  is  ex- 
haled in  the  process  of  respiration,  and  so  lost. 

Boussingault  found,  for  example,  that  some  fresh  horse-manure 
examined  by  him  (dung  and  urine  together)  contained  only  83  % 
of  the  nitrogen  consumed  in  the  food.  In  cow-manure  he  found 
87  ^.  But  in  the  light  of  existing  knowledge  it  is  evident  enough 
that  these  samples  of  dung  and  urine  must  have  been  left  to  stand 
long  enough  to  undei^o  some  slight  fermentation  after  they  had 
left  the  animals  before  the  analyses  were  begun.  Numerous  re- 
cent experiments  have  shown  that,  practically  speaking,  all  the 
nitrogen  eaten  by  adult  animals  in  their  food  comes  out  from  them 
again  in  the  urine  and  dung,  excepting  what  is  stored  up  in  wool, 
flesh,  milk,  or  the  like.  Next  to  none  of  the  nitrogen  of  the  food 
leaves  the  animal  in  the  gaseous  form.  Animals  do  not  exhale 
either  ammonia  or  free  nitrogen,  excepting  of  course  the  nitrogen 
of  the  air,  which  is  breathed  in  as  such  and  breathed  out  again. 
In  this  particular  instance  the  loss  of  nitrogen  was  probably  due 
to  the  evolution  of  ammonia.  Schloesing,  who  has  made  elaborate 
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experiments  to  test  the  qaestion  whether  any  free  niti'ogen  gas  is 
given  off  from  dung,  kept  out  of  contact  with  air  and  undergoing 
that  kind  of  fermentation  which  produces  marsh-gas,  could  never 
detect  a  particle  of  free  nitrogen.  No  other  gases  than  carbonic 
acid,  marsh-gas  and  hydrogen  were  evolved  in  two  months  time 
from  the  fermenting  manure.  He  ui^es  that  all  the  nitrogen  of 
the  organic  matters  which  are  decomposed  in  this  kind  of  fer- 
mentation is  evolved  as  ammonia.  He  found  in  fact  that  some  of 
the  water  of  the  moist  manure  was  decomposed,  its  oxygen  going 
to  form  carbonic  acid,  while  the  hydrogen  united  with  the  nitrogen 
in  the  manure  to  form  ammonia. 

It  may  sometimes  happen,  as  Gibson  and  others  have  shown, 
that,  in  the  presence  of  certain  micro-organisms,  free  nitrogen  may 
be  liberated  during  processes  of  putrefaction,  tliough  in  most  cases 
it  may  be  admitted,  with  Kellner,  whose  observations  preceded 
those  of  Schloesing,  that  no  nitrogen-gas  is  lost  from  moist  or- 
ganic matters  which  are  slowly  putrefying,  unless,  indeed,  there 
should  happen  to  be  a  nitrate  in  the  mixture.  If  a  nitrate  be 
present,  it  will  be  deoxidized  by  the  fermentation,  and  some  of 
its  nitrogen  will  escape  as  such,  as  will  be  explained  in  a  subse- 
quent chapter. 

The  Nitrogen  in  Manure  is  easily  lost. 

The  ready  loss  of  nitrogenous  matters  by  fermentation  of  the 
dung  and  urine,  which  doubtless  vitiated  Boussingault's  results, 
illustrates  the  important  practical  fact  that  much  of  the  fertilizing 
matter  in  the  food  never  gets  back  to  the  land.  This  point  has 
been  enforced  anew  by  the  experiments  of  Muntz  and  Girard,  who 
kept  animals  of  various  kinds  in  stables  provided  with  water-tight 
floors,  and  weighed  and  analyzed  methodically,  during  considera- 
ble periods  of  time,  the  food,  the  litter,  the  manure,  and  the 
bodies  of  the  animals.  The  differences  between  the  quantities  of 
nitrogen  in  the  food,  in  the  animals  and  animal  products,  and  in 
the  manure,  showed  that  large  losses  of  nitrogen  do  habitually  oc- 
cur. It  was  noticed  that  the  fermentation,  which  sets  in  at  once 
in  the  manure,  as  it  lies  under  the  feet  of  the  animals,  thanks  to 
the  micro-organisms  which  abound  there,  is  almost  wholly  ammo- 
niacal,  and  that  appreciable  quantities  of  ammonia  may  be  formed 
in  the  course  of  a  few  hours,  through  the  decomposition  of  the 
nitrogen  compounds  in  the  urine  which,  under  favorable  circum- 
stances, may  be  almost  wholly  changed  to  ammonia. 
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In  an  experiment  with  horses,  lasting  from  July  9  to  August  10, 
29  ^  of  the  nitrogen  of  the  food  could  not  be  found  again.  In 
four  experiments  with  cows,  lasting  from  two  to  four  weeks, 
there  was  a  mean  loss  of  almost  83  ^  of  the  nitrogen  in  the  food 
consumed,  though  in  one  instance,  where  no  litter  was  provided, 
the  loss  of  nitrogen  was  as  low  as  27  ^.  In  six  experiments  with 
sheep,  the  loss  of  nitrogen  varied  from  44  to  55  ^,  i.  e.,  about 
one-half  of  the  nitrogen  of  the  food  was  lost.  The  excessive  loss 
in  this  case  was  explained  by  the  facts  that  the  litter  was  left  to 
lie  under  the  animals  during  the  entire  experiment,  it  was  not  re- 
newed from  time  to  time  as  it  had  been  in  the  other  experiments, 
and  that  the  concentrated  sheep's  urine  is  specially  easily  decom- 
posed by  way  of  fermentation.  In  this  case,  it  appeared  that 
more  of  the  nitrogen  originally  contained  in  the  food  and  the  litter 
was  lost  than  was  recovered  in  the  flesh,  wool,  and  manure,  and 
yet  it  is  said  that  the  conditions  under  which  the  experiments  were 
made  were  more  favorable  for  the  preservation  of  manure  than 
those  ordinarily  to  be  met  with  in  actual  farm  practice.  In  one  of 
the  sheep  experiments  — 

There  wm  contained  kilos  of  There  wm  found  kilos  of 

Nitrogen  in  the  Nitrogen  in  the 

Food    ....    94.867  Flesh  produced    .    •    .    8.185 

Bedding   .    .    .      3.075  Wool        **  ...    2.720 

Manure    «  ...  35.425 


Sum     ....    97.942  46.330 

The  loss  of  nitrogen  was  larger  in  case  the  animals  got  dry  food 
than  when  their  food  was  wet,  and  was  naturally  larger  in  hot, 
summer  weather,  than  in  the  winter.  In  corresponding  experi- 
ments upon  manure  kept  in  heaps,  the  loss  of  nitrogen  was  found 
to  be  very  much  less ;  being  no  more  than  20  ^,  10  %,  and  5  ^, 
for  horses,  cows,  and  sheep,  respectively,  instead  of  29,  88,  and 
nearly  50  ^,  as  above. 

Dungs  differ  as  Animals  do. 

It  hardly  needs  to  be  explained  that  what  has  been  said  above 
concerning  the  relation  of  the  food  to  the  value  of  the  dung,  ap- 
plies more  particularly  to  the  case  where  the  food  and  the  dung  of 
one  and  the  same  kind  of  animal  are  compared.  Urine,  of  course, 
contains  nothing  but  soluble  matters  (notably  urea),  which  are 
the  final  result  of  transformations  which  the  food  undergoes  within 
the  animal  body,  and  which  are  ultimately  thrown  off  as  effete  and 
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useless  waste  products ;  while  dung,  as  has  been  said  already^ 
always  consists  largely  of  undigested  matters,  i.  e.,  of  those  parts 
of  the  food  which  have  not  been  dissolved  and  assimilated,  but 
have  passed  through  the  alimentary  canal  without  ever  having  got 
into  the  blood  or  become  part  and  parcel  of  the  animal.  Hence 
the  dung  of  cattle,  which  habitually  eat  coai-se  fodder,  will  neces- 
sarily differ  very  much  from  that  of  men  and  swine,  which  are 
supported  by  more  concentrated  kinds  of  foods.  The  manure  of 
different  kinds  of  animals  will  differ,  withal,  accordingly  as  they 
drink  much  or  little  water.  Thus  the  peculiarly  concentrated 
character  of  the  manure  of  sheep  and  goats  depends,  in  some 
measure,  upon  the  fact  that  these  animals  drink  but  sparingly.  A 
similar  remark  will  apply  to  the  dung  of  birds,  also,  which  does, 
in  fact,  consist  of  a  mixture  of  dung  and  urine. 

It  may  be  said,  indeed,  that  each  kind  of  manure  has  its  own 
characteristics  and  peculiarities,  in  consonance  with  the  fact  that 
each  kind  of  animal  has  its  own  way  of  utilizing  and  of  rejecting 
food.  There  are,  naturally  enough,  as  wide  differences  between 
the  excrements  of  dogs  and  cows  as  there  are  between  the  struc- 
ture, kinds  of  food,  and  habits  of  life  of  the  two  animals. 

In  any  event,  the  dung  of  flesh-eating  animals,  that  of  cats,  for 
example,  will  manifestly  be  richer  in  nitrogen,  and  Sometimes  in 
phosphates  also,  than  that  of  grazing  animals.  The  same  reason- 
ing will  apply  to  the  mixed  feeders,  and  it  is  true,  in  fact,  that 
the  excrements  of  men  and  swine  and  poultry  are,  in  fertile 
regions,  held  to  be  more  valuable  than  those  of  the  grass-eating 
animals. 

Manure  of  Stoine. 

It  is  noteworthy,  by  the  way,  that  the  French  and  German  culti- 
vators who  are  accustomed  to  pasture  swine,  or  to  feed  them  upon 
very  thin  wash  of  one  kind  or  another,  hold  hog-manure  in  com- 
paratively small  esteem.  It  is  only  in  England  and  in  this  coun- 
ti7,  where  hogs  habitually  get  grain  or  milk  to  eat,  that  their  ma- 
nure is  thought  to  be  worth  much. 

There  are  some  experiments  by  Christiani  which  illustrate  the 
value  of  the  manure  from  fatting  hogs.  He  compared  it,  as  to  its 
practical  effect,  with  the  manure  produced  by  other  kinds  of  stall- 
fed  animals.  Each  of  his  experimental  plots  was  heavily  manured 
with  the  dung  that  had  been  allotted  to  it  twice  in  a  seven  years' 
rotation  of  crops,  which  consisted  of  winter  rape  (manured) ,  bar- 
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ley,  wheat,  oats,  barley,  wheat,  and  potatoes  (manured).  Re« 
ducing  the  crops  harvested  to  terms  of  rye,  it  appears  that  there 
were  produced  in  the  seven  years,  from  the  hog-manure,  12,594 
lb. ;  from  the  horse-manure,  12,190  lb. ;  from  the  sheep-manure, 
11,485  lb. ;  and  from  the  cow-manure,  10,887  lb. 

It  is  a  tenet  of  practical  men  that  very  little  manure  can  be  got 
from  hogs,  unless  they  are  abundantly  supplied  with  materials  '^to 
work  upon,"  such  as  peat,  leaves,  weeds,  sods,  straw,  or  horse- 
manure  ;  the  fact  being  that  animals,  like  h(^s,  men  and  poultry, 
which  feed  upon  concentrated  foods,  do  not  void  large  quantities 
of  indigestible  matters,  such  as  are  observed  in  the  dung  of  cows 
and  horses.  Hence,  the  bulk  of  the  manure  obtained  from  unlit- 
tered  hogs  is  but  small  as  compared  with  that  obtained  from  ani- 
mals kept  on  rough  fodders.  Moreover,  the  highly  concentrated 
hog-manure  is  specially  apt  to  be  wasted  by  decay,  unless  mate- 
nab  are  supplied  to  dilute  and  envelop  it  while  it  is  yet  fresh.  It 
is  none  the  less  true,  of  course,  that  the  hog-sty  may  readily  be 
made  a  place  for  manufacturing  a  powerful  compost,  as  will  ap- 
pear from  what  is  said  on  compost-making  in  a  subsequent  chap- 
ter. In  New  England,  manure  from  the  hog-sty  is  highly  es- 
teemed, though  it  is  seldom  or  never  applied  for  cabbages, 
cauliflowers,  or  rutabagas,  because  an  opinion  prevails  that  these 
plants  are  specially  apt  to  suffer  from  the  disease  known  as 
clumpfoot,  when  hog-manure  has  been  put  upon  the  land. 
Order  of  Merit  of  Dungs. 

I  am  ignorant  whether  precise  experiments  have  ever  been  made, 
from  the  chemical  point  of  view,  to  test  the  comparative  practical 
value  of  the  excrements  of  different  kinds  of  animals,  fed,  under 
like  conditions,  upon  one  and  the  same  kind  of  food.  It  would 
not  be  very  difficult,  for  example,  to  test  this  point  by  feeding 
separate  parcels  of  cats  and  goats  on  bread  or  crackers,  or  by 
feeding  hounds,  sheep  and  hens  on  Indian  meal.  Some  of  the 
older  agricultural  experimenters  may  have  attempted  the  thing 
without  recourse  to  analysis ;  but,  without  the  help  of  chemistry, 
they  must  have  laboi'ed  under  great  disadvantages. 

Perhaps  the  classification  of  the  French  agriculturist  Dombasle 
may  have  been  founded  on  experiments  in  which  the  food  of  the 
animals  was  the  same.  Taking  the  dungs  at  their  normal  con- 
dition of  dryness,  he  gives  the  order  of  ''strength"  for  similar 
quantities  of  the  several  kinds  as  follows:  goat,  sheep,  horse, 
hog,  cow. 
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It  would  be  the  more  interesting  to  determine,  by  experiment, 
the  composition  and  quantity  of  dung  from  different  animals  sim- 
ilai'ly  fed,  because  we  are  so  much  in  the  habit  of  contrasting  the 
dung  of  animals  that  have  been  differently  fed,  that  our  concep- 
tions upon  this  particular  point  are  apt  to  be  vague. 
Horse-dung  Contrasted  with  Cow-dung. 

It  is  no  wonder  that  the  dung  of  the  stall-fed  horse  is  better 
than  that  of  the  grass-fed  cow ;  but  how  is  it  when  both  are  grass- 
fed  ?  As  has  been  said  already,  the  dung  of  grazing  horses  is  so 
far  inferior  to  that  of  grain-fed  horses  that  many  people  have  es- 
teemed it  to  be  wellnigh  worthless.  But  because  it  is  welinigh 
worthless  as  compared  with  stable-manure,  it  does  not  follow  that 
it  is  inferior  in  any  way  to  cow-manure  produced  under  similar 
conditions.  On  the  contrary,  from  what  is  known  of  the  physi- 
ology of  the  horse,  it  might  perhaps  be  argued,  with  some  show 
of  reason,  that,  with  like  rations,  horse-dung  would  sometimes  be 
better,  chemically  speaking,  than  cow-dung.  It  is  an  old  remark 
that,  ^^The  dung  of  horses  and  mules  is  an  admirable  fertilizer, 
though  care  must  be  taken  not  to  lay  too  much  of  it  upon  wheat 
land,  because  it  produces  an  abundance  of  straw.  Horse-dung, 
being  of  a  very  hot  nature,  is  best  for  cold  lands,  and  cow-dung 
for  hot  lands.  When  mixed  together,  they  make  a  very  good  ma- 
nure for  most  sorts  of  soils." 

It  is  to  be  observed,  moreover,  on  contrasting  farmyard-manure, 
as  obtained  from  cows  or  from  horses,  that  the  dissimilarity  of  the 
two  kinds  of  manures  seldom  depends  wholly  upon  differences  as 
to  food.  It  is  in  reality  influenced  by  a  variety  of  other  con- 
ditions and  circumstances.  Horse-dung  is  apt  to  be  drier  of 
itself  than  the  dung  of  neat  cattle,  and  it  is  usually  admixed  with 
a  comparatively  large  quantity  of  straw  or  other  litter,  and  to 
these  peculiarities,  as  much  as  to  the  character  of  the  food,  must 
be  attributed  the  liability  of  horse-manure  to  "  heat"  —  i.  e.,  to 
be  injured  by  untimely  fermentations.  To  the  dryness  of  horse- 
manure,  again,  and  to  the  litter  with  which  it  is  admixed,  as  much, 
perhaps,  as  to  less  emphatic  digestive  processes  within  the  nobler 
animal,  must  be  attributed  the  well-known  fact  that  the  seeds  of 
weeds  are  more  liable  to  be  carried  to  the  land  in  horse-manure 
than  in  the  dung  of  cows.  But  this  circumstance  alone  may 
serve,  in  some  part,  to  explain  the  opinions  of  practical  men  as 
to  the  comparative  value  of  the  two  kinds  of  manures. 
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One  reason  why  the  dung  of  pastured  horses  may  do  less  good 
to  the  land  than  the  dung  of  cows,  is,  that  the  droppings  of  the 
two  animals  may  ferment  in  different  ways  upon  the  land.  Pos- 
sibly more  nitrogen  may  go  to  waste  during  the  decay  of  the  loose 
dry  droppings  of  the  horses  than  will  escape  from  the  more  com- 
pact flakes  of  cow-dung.  In  the  words  of  Marshall,  <«  The  dung 
of  horaes,  dropped  on  grass  in  summer,  soon  undergoes  a  change. 
Its  substance  is  presently  scooped  out  by  insects ;  nothing  but  a 
porous  bundle  of  undigested  vegetable  matter  being  left.  If  in- 
sects not  only  eat  horse-dung,  but  fly  away  with  it  out  of  the  field, 
it  is  in  reality  lost  to  that  particular  field."  It  was  remarked, 
withal,  long  ago,  by  Sir  Humphry  Davy,  that  one  reason  why 
horses  do  not  benefit  pastures  will  be  found  in  the  fact,  that, 
while  they  consume  the  grass  by  night,  they  drop  a  good  part  of 
their  manure  during  the  day-time,  while  they  are  at  work  upon  the 
roads.  The  remark  was  made,  it  should  be  remembered,  at  a  time 
when  all  transportation  in  England  was  by  means  of  wagons  on 
roads  or  by  boats  on  canals. 

Amount  of  Manure  produced  by  Animals. 

From  the  experiments  of  Boussingault,  upon  a  rather  small 
farm-horse,  and  those  of  Hofmeister,  it  appears  (as  Helden  has 
set  forth)  that  the  fresh  excrements  of  a  horse  fed  on  hay  and  oats 
amount  to  rather  more  than  30  lb.  a  day,  and  contain  some  6  or 
8  lb.  of  dry  matter.  According  as  the  animal  is  or  is  not  bedded 
with  6  lb.  of  straw,  there  will  be  contained  in  the  manure  of  a 
single  day,  0.2  and  0.22  lb.  of  nitrogen,  and  1  lb.  and  1.4  lb.  of 
ash-ingredients.  Very  similar  figures  have  been  obtained  in  ex- 
periments with  cows.  Thus,  Boussingault  fed  a  cow  on  potatoes 
and  rowen,  and  got  per  diem  73^  lb.  of  moist  excrements  that 
contained  nearly  10  lb.  of  dry  matter.  According  as  she  was  not 
bedded  at  all,  or  with  6  and  10  lb.  of  straw  respectively,  it  ap- 
peared that  the  manure  contained  0.26,  0.28,  and  0.29  lb.  of  ni- 
tr<^en,  and  1.73,  2.05,  and  2.28  lb.  of  ash-ingredients. 

Henneberg  and  Stohmann's  oxen,  that  were  merely  ^^main- 
tained "  at  rest,  gave  for  evei7  1,000  lb.  of  live  weight  64^  lb.  of 
moist  excrement  that  contained  a  little  more  than  8  lb.  of  dry 
matter.  The  manure  contained  0.22,  0.23,  and  0.25  lb.  of  nitro- 
gen, and  1.3,  1.6,  and  1.8  lb.  of  ashes,  according  as  the  animals 
received  no  bedding,  or  6  and  10  lb.  of  straw.  Fatting  oxen  gave, 
per  1,000  lb.  live  weight,  82  lb.  of  moist  excrement  (or  9  lb.  dry). 
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and  the  manure  contained  0.36,  0.38,  and  0.39  lb.  nitrogen,  and 
1.8,  2.1,  and  2.4  lb.  of  ash-ingredients,  according  as  there  was  no 
litter,  or  6  or  10  lb.  of  it, 

Boussingault  concluded,  from  his  own  experiments,  that  a  cow 
may  produce  in  a  year  some  22,000  lb.  of  solid  and  6,800  lb.  of 
liquid  excrement ;  while  the  yearly  production  of  a  horse  may  be 
rated  at  13,000  lb.  of  solid  and  2,600  lb.  of  liquid.  Wolflf,  in  his 
turn,  collected  during  2^  days  in  April  all  the  manure  that  was 
produced  by  a  stable  that  contained  46  cows,  20  heifers,  and  14 
calves.  The  animals  were  fed  chiefly  on  hay  and  beets.  They  re- 
ceived 11,810  German  lb.  of  fodder  and  bedding  during  the  period 
in  question,  and  produced  14,550  lb.  of  manure  which  contained 
4,030  lb.  of  dry  matter.  A  small  portion  of  the  fresh  manure  was 
taken  for  analysis,  and  the  rest  of  it  (14,330  lb.  of  fresh  =»  3,975 
lb.  of  dry  manure)  was  left  out  of  doors  for  a  year  in  a  heap  3  or 
4  feet  high.  At  the  end  of  the  year,  the  heap  was  no  more  than 
about  one  foot  high,  and  its  contents  weighed  6,730  lb.  when 
moist,  and  1,360  lb.  when  dry.  The  following  percentage  of  mat- 
ters was  contained  in  each  of  the  two  kinds  of  manure :  — 

Dry  fresh  Dry  rotted 

Mumre.  Mannre. 

Soluble  organic  matters 9.7  \^^^  7.0)«nn 

"      mineral  matters 4.7   /^*'*  5.0  j"*" 

Insoluble  organic  matters 76.3    )  qc  /.  56.3  i  qq  ^ 

*'        mineral  matters 9.3    f**^'^  31.7  T^*^ 

Nitrogen  in  soluble  organic  matters     .    .    0.63  j  0.3  j 

«         "  insoluble  organic  matters  .    .    0.86  >  1.65  1.7  V  2.1 

"         ««  NH,  compounds 0.16 )  0.1 ) 

No  nitrates  could  be  detected,  either  in  the  fresh  or  the  rotted 
manure.  The  loss  of  soluble  nitrogen,  as  the  dung  decays,  de- 
pends in  part  on  the  leaching  action  of  rain,  in  part  on  volatiliza- 
tion of  ammonia,  and  in  part  on  the  formation  of  inert  humus-like 
compounds. 

Heiden  determined  how  much  dung  and  urine  were  voided  per 
head  and  per  1,000  lb.  of  live  weight,  in  winter  and  in  summer, 
by  a  stable  of  30  head  of  cattle,  as  follows :  — 

Lb.  Fmh  Maonre'  Lb.  Drr  Babetanoe. 

Dung.    Urine.    TotaL  Dung.    Urine.       Total. 

Winter    ....    95         9        104  19        0.42        19.42 

Summer.    ...    88        17        105  17        0.57        17.57 

Very  salt  food .    .    82       36        118  17       0.88        17.88 

When  the  food  of  the  animals  was  very  salt,  as  in  the  last  line 
of  the  table,  more  water  was  drunk  and  more  urine  voided,  but 
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there  was  no  increase  in  the  amount  of  dry  manure.  Throughout 
the  experiments,  the  food  was  abundant  and  varied.  In  winter  it 
was  dry  for  the  most  part,  but  in  summer  much  of  it  was  green. 

The  waste  of  this  manure,  as  it  lay  in  carefully  kept  dung-heaps 
and  urine  cisterns,  was  as  follows  :  — 


LOHOf 

Original  Mate, 
rials  in  the 
Conneof 

6  weeks 

Winter  Food. 
Frah  Mannzv.     Dry  Matter. 
%                     % 
6.36               16.76 

From  the  Manore  from 
Snmmer  Food. 
Freeh  Manure.     Dry  Matter. 
%                      % 
8.03               27.37 

9     " 

12.80 

23.03 

16.11 

33.19 

12     " 

18.28 

26.42 

19.18 

36.46 

16     " 

17.80 

26.21 

20.40 

36.92 

It  was  found,  in  subsequent  experiments,  that  this  waste  could 
be  lessened  very  considerably  by  the  use  of  gypsum  and  kainit 
(which  see).  In  another  trial,  where  the  dung  was  not  firmly 
packed,  but  merely  thrown  into  loose  heaps  from  hand-barrows, 
the  loss  of  moist  manure  in  15^  weeks  was  25  ^,  and  the  loss  of 
dry  substance  35  ^. 

Analyses  of  Manures, 

The  following  tables  contain  the  essential  points  of  several  other 
analyses  of  manures,  as  determined  by  different  observers :  — 

DUNQ    ALONB    OF    NbAT    CATTLB. 


Distlngnlsh- 
ing  Number 

of  the 
Specimen. 

1 

l| 

i 

1 

1 

1 
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< 

If 

HiO 

.    . 

.  . 

K.O 

OaO 

MgO 

P«Oa 

.    .       J 

IHa 

N 

1       .     .     . 

86.00 

14.00 

1.69 

... 

0.10 

0.32 

2     . 

84.00 

16.00 

2.40 

o.ib 

""0.40 

0.23 

0.30 

8     . 

82.30 

17.70 

2.17 

0.27 

0.77 

0.16 

0.14 

0.20 

4     . 

76.19 

23.81 

3.09 

0.60 

0.68 

0.03 

0.62 

0.79 

5     . 

82.06 

17.95 

3.03 

0.06 

0.16 

0.44 

6     . 

46.57 

63.43 

6.91 

0.04 

0.12 

0.44 

7      . 

80.36 

19.66 

0.25 

0.16 

0.36 

8      . 

83.00 

17.00 

.... 

0.14 

0.24 

0.33 

9     . 

79.70 

20.30 

>  •  *  ■ 

0.23 

0.16 

0.34 

10     . 

.... 

•  •  •  • 

.... 

0.16 

0.19 

0.31 

11     . 

.... 

.... 

0.44 

.... 

1.  Pure  cow-dung,  from  a  milch  cow  which  consumed  per  diem  16.6  lb.  of 
rowan,  35.2  lb.  of  potatoes,  and  132  lb.  of  water ;  and  produced  in  the  same  time 
62.6  lb.  of  dung  and  18  lb.  of  urine,  and  altogether  80.6  lb.  of  solid  and  liquid 
excrement.  Meanwhile  72.6  lb.  of  water  and  9.3  lb.  of  the  dry  food  were  given 
off  in  the  form  of  gas  from  the  lungs  and  skin  of  the  animal.  (Boussingault, 
M^moires  de  Chimie  Agricole,  pp.  1-13.)  It  may  be  remarked  that  in  other  in- 
stances B.  obtained  different  results,  as  to  the  amounts  of  solid  excrement 
voided.  Thus  while  cows  of  1200  lb.  live  weight,  that  were  fed  on  34.6  lb.  of 
rowen  per  head  and  per  day,  voided  62.8  lb.  of  solid  excrement,  they  yielded  no 
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more  than  16.87  lb.  of  solid  excrement  per  day  daring  a  fortnight  when  they 
ate  nothing  but  134  lb.  of  beets  each  day ;  when  fed  npon  nothing  but  84  lb.  of 
potatoes  per  diem  each  of  them  voided  28.G  lb.  of  solid  excrement. 

2.  Dung  of  cows,  winter  food.  (Stoeckhardt,  in  his  Chemische  Feldpredig- 
ten,  1866,  p.  84.) 

8.  Fresh  dung  free  from  urine  and  litter,  of  steers  fed  with  24  lb.  of  lucem 
per  head  and  day.  (Analysis  made  at  the  Colorado  Exp.  Station,  cited  in 
Conn.  Report  for  1889,  p.  118.) 

4.  Fresh  cow-dung  without  litter,  but  may  have  been  wet  with  urine.  Win- 
ter food.    (B.  F.  Kedzie,  in  laboratory  of  the  Buasey  Institution.) 

5.  Solid  excrement  from  4  cows,  collected  at  Montpellier,  France,  in  early 
morning,  April  17,  when  the  animals  were  fed  on  maize  ensilage  and  small  quan- 
tities of  lucem  hay,  straw  and  turnips,  and  slight  additions  of  bran  and  cotton- 
seed-meal. (Audoynaud  and  Zacharewicz,  Biedermann's  Centralblatt,  15» 
517.) 

6.  Similar  to  5,  but  collected  on  May  22,  when  the  animals  were  fed  on  mown 
annual  clover  (T.  incamatum)  together  with  a  little  straw,  bran  and  cotton- 
seed-meal. 

7.  Dung  alone  from  a  Normandy  cow  of  about  1200  lb.  live  weight.  When 
fed  upon  20  lb.  of  lucem  hay,  88  lb.  of  beets  mixed  with  chaff  and  44  lb.  of 
water  per  diem,  there  was  produced  59  lb.  of  dung  and  23  lb.  of  urine,  or  together 
82  lb.  of  solid  and  liquid  excrement.    (Muntz  &  Girard,  Les  Engrais,  1, 192.) 

8.  Dung  alone  from  cow  No.  7,  when  fed  with  154  lb.  of  beets.  The  cow 
drank  no  water.  There  was  produced  each  day  on  the  average  42  lb.  of  dung 
and  88  lb.  of  urine,  or  together  130  lb.  of  solid  and  liquid  excrement.  (Muntz 
and  Girard,  he,  dt.) 

9.  Dung  alone  from  cow  No.  7,  when  fed  with  26.4  lb.  of  lucem  hay  and  66 
lb.  of  water.  There  was  produced  48.4  lb.  of  dung  and  13.6  lb.  of  urine,  or  to- 
gether 62  lb.  of  solid  and  liquid  excrement.    (Muntz  &  Girard,  loc.  cit.) 

10.  Dung  alone  from  cows  fed  with  118  lb.  fresh-cut  lucem  and  108  lb.  of 
water.  Each  animal  produced  73  lb.  of  dung  and  40  lb.  of  urine,  or  together  113 
lb.  of  solid  and  liquid  excrement.    (Muntz  &  Girard,  loc.  eit.) 

11.  Mean  of  several  samples  of  cow's  dung.    (Muntz  &  Girard.) 

Manu&k  of  Nkat  Cattlb,  t.  «.,  Mixtures  of  Dumo,  U&nrB,  and  Littbb, 

OB  OF  DniCO  AND  Ubinb. 
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Manxtrb  of  Nxat  Cattle 

.  —  Continued 
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50.  Cow-manure  free  from  litter,  from  cows  fed  on  as  much  hay  as  they 
would  eat,  with  additions  of  4  quarts  of  wheat-bran  and  4  quarts  of  mangolds  per 
head  and  day.  A  cubic  foot  of  this  manure  weighed  63  lb.  (S.  W.  Johnson, 
Eleport  Conn.  Exp.  Station,  1889,  p.  118.) 

51.  Mixed  dung  and  urine  of  cows,  free  from  litter.  (Payen  &  Boussingault, 
Ann.  Ch.  et  Phys.,  1841  (3.),  8.  103.) 

52.  Manure  from  milch  cows  fed  liberally  upon  corn-meal,  bran,  timothy 
hay  and  roots.    (S.  W.  Johnson,  Koport  Conn.  Exp.  Station,  1889,  pp.  117, 118.) 
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58.  Manure  from  milch  cows  fed  on  hay  and  stover.  It  was  kept  closely 
packed,  in  a  manure-hoose  which  had  a  cement  floor.  (S.  W.  Johnson,  Conn. 
Agric.  Exp.  Beport,  1890,  71.) 

54.  Fresh  manure  of  cows  fed  with  rowen  and  i>otatoes  and  bedded  with  6Ji 
lb.  of  straw.    (Boussingault,  cited  by  Muntz  &  Girard,  1, 240.) 

55.  Four-weeks-old  manure  from  a  stable  where  the  cows  were  fed  with  a 
mixture  made  of  100  lb.  green-cut  clover  and  5  lb.  of  lyenstraw.    (B.  Hoffmann. ) 

56.  Cow-manure.    (Bretschneider.) 

57  and  58.  Taken  in  February  from  the  centre  of  dxmg-heaps  at  two  differ- 
ent cow-stables  in  Germany.    (Schmid.) 

58.  Manure  from  9  cows  fed  upon  hay,  crushed  grain,  cabbages,  beets,  and 
brewers'  grains.  When  bedded  with  3.5  kilo  of  peat-moss  per  head  and  day. 
(Fleischer,  Biedermann's  Centralblatt,  1887,  16.  810.) 

60.  Animals  same  as  in  No.  59,  but  bedded  with  4.6  kilos,  of  rye-straw. 

61.  Manure  from  10  cows  fed  upon~^ay,  grain,  kohlrabi,  potatoes  and  brew- 
ers' grains.    When  bedded  with  3.5  kilo  peat-moss. 

62.  Same  animals  as  in  No.  61,  but  bedded  with  4.3  kilos,  of  rye-straw. 
(Fleischer.) 

63.  Eight  samples  of  manure  from  neat  cattle.  (Strohmer,  Bied.  CenW-Blatt, 
1889,  p.  643.) 

64.  Manure  of  oxen  fatting  on  distillery  slop  from  beet-roots  and  oil-cake. 
Sample  taken  from  a  heap  of  70  cubic  metres.    (Petermann.) 

65.  Nine  samples  of  manure  of  neat  cattle  tliat  were  bedded  with  peat-moss. 
(Petermann,  Biedermann's  Centralblatt,  1888, 17.  451.) 

6S.  Samples  of  fresh  manure  (one  week  old)  of  milch  cows.  (Holdefleiss, 
Hoffmann's  Jahresberlcht,  1891, 14.  p.  105.) 

67.  Samples  of  fresh  manure  (one  week  old)  of  stall-fed  oxen.  (Holdefleiss, 
he.  cU.) 

68.  Manure  of  stall-fed  oxen,  kept  in  deep  stalls.    (Holdefleiss,  loc,  cit.) 

69.  Manure  which  had  been  suffered  to  lie,  together  with  much  straw,  under 
the  animals  during  2  and  3.5  months.  70  cows  and  draught  oxen  were  kept  in 
the  stable,  and  their  manure  was  found  to  be  in  a  good  mellow  condition  at  the 
times  above  stated.  Holdefleiss  remarks  on  the  unusually  good  quality  of  the 
manure,  in  spite  of  the  fact  that  much  more  straw  had  been  used  in  the  prepara- 
tion of  it  than  is  used  in  the  making  of  ordinary  farmyard  manure.  The  great 
excess  of  straw  in  these  samples,  and  some  others,  explains  the  high  percentage 
of  potash,  as  stated  in  the  table.  (Holdefleiss,  Biedermann's  Centralblatt, 
1884,  p.  88 ;  and  10.  587,  588.) 

70  and  71.  Manure  taken  from  heaps  at  two  Flemish  farms  where  the 
manure  was  thrown  out  every  day  from  the  cow-stalls.  (Biematzki,  Hoff- 
mann's Jahresberlcht,  1881,  p.  248.) 

72  and  73.  Manure  from  two  other  Flemish  farms  carried  on  like  Nos.  70 
and  71,  only  that  the  cow-stalls  were  provided  with  movable  cribs,  and  the  dung 
and  litter  were  left  to  accumulate  under  the  animals.    (Biematzki,  loc.  cit.) 

74.  Cow-manure  taken  from  a  dung-heap.  (Enunerling,  Hoffmann's  Jah- 
resbericht,  1882,  p.  333.) 

75.  Cow-manure  taken  from  a  deep  stall.    (Emmerling,  he.  cit.) 

76  to  80.  Manure  from  a  stable  of  8  cows  bedded  with  from  12  to  13  lb.  of 
straw  per  head  and  day.  (Muntz  &  Girard,  Les  Engrais,  1.  241.)  For  No.  76 
the  cows  were  fed  on  lucern  hay,  beets  and  rye-meal ;  for  No.  77  they  got  green- 
cut  lucem,  and  rye-meal ;  for  No.  78  they  had  green-cut  lucern  and  barley* 
meal ;  for  No.  79  they  had  cabbage-leaves,  meal  and  straw,  and  for  No.  80  they 
were  at  pasture  and  got  some  barley-meal  in  addition. 

81.  Average  composition  of  fresh  cow-manure,  with  litter,  as  computed  by 
Wolff. 
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82.  Fresh  manure  of  calves,  richly  fed  in  i>en8  and  hedded  liberally  with 
finely  cat  wheat^traw.    (G.  G.  Watson,  U.  8.  Exp.  Station  Record,  5.  388.) 

88.  Fresh  manure  of  cows,  richly  fed  and  bedded  liberally  with  cut  wheat- 
straw.    (Watson,  he,  cit.) 
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150.  Ideal  composition  of  fresh,  nndecomposed  manure  —  from  a  400-acre 
English  farm  devoted  to  the  four-course  rotation — as  calculated  from  the 
average  composition  of  the  matters  which  are  supposed  to  enter  into  the  manure, 
viz.  roots,  hay,  straw,  some  oil-cake,  and  grain.  (Lawes,  Journal  of  the  Royal 
Agricultural  Society  of  England,  1862,  28.  46.) 

151.  Mean  of  seyeral  analyses  of  different  samples  of  half-rotted  farmyard- 
manure  from  a  stable  of  30  heat  cattle  and  30  horses,  and  from  12  to  20  hogs. 
The  manure  was  decidedly  moist,  the  straw  in  it  was  not  completely  decom- 
posed, though  it  was  soft  and  filamentous.  (Boussingault,  Ann.  Ch.  et  Phys. 
(3.)  1.234.  and  8.  100.) 

152.  Cubic-foot  samples  of  farm-manure  sent  by  eight  different  Scotch  farm- 
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era  to  Professor  Anderson  of  Glasgow  and  analyzed  by  him  according  to  a 
uniform  plan.  The  differences  in  composition  of  these  manures  were  thought 
to  depend  chiefly  upon  the  varying  amounts  of  litter  used  at  the  farms.  The 
proportion  of  sand  in  these  eight  samples  varied  from  22  %  to  upward  of  55  %  ol 
the  dry  matter  of  the  manures.  (Highland  and  Agric.  Soc.  of  Scotland,  1872, 
(4.)  4- 320.) 

153.  Well  rotted  bamyard-manure  from  young  neat  cattle  fed  with  hay. 
The  manure  contained  25  %  of  clay  from  the  yard.  This  manure  weighed  40  lb. 
to  the  cubic  foot.    (S.  W.  Johnson.) 

154.  Average  composition  of  fresh  farm-manure.    (WolfiF.) 

155.  Average  composition  of  moderately  rotted  farm-manure.    (Wolff.) 

156.  Average  composition  of  very  thoroughly  rotted  farm-manure.    (Wolff.) 

157.  Fresh  long  manure,  consisting  of  a  mixture  of  horae,  cow,  and  pig-dung 
and  urine,  and  tbe  straw  that  had  served  the  animaU  as  litter.  It  had  lain  in 
the  dung-pit  14  days  (in  October)  ,^t  a  time  when  no  rain  had  fallen.  (Voelcker, 
Boyal  Agric.  Soc.  Journal,  1856,  xvii,  194.) 

158.  Farm-manure  taken  in  February  from  a  heap  (in  a  yard)  that  was  3.5 
months  old.    (Voelcker,  toe.  cit.) 

159.  Farm-manure  from  a  heap  3.5  months  old,  which  had  lain  under  cover 
from  November  to  February.    (Voelcker,  loc.  cit.) 

160.  Farm-manure  which  had  lain  spread  out  during  the  six  months,  Novem- 
ber to  May.    (Voelcker,  loc,  dt.) 

161.  Well  rotted  farm-manure,  6  months  old.  (Voelcker,  loc.  cU,) 

162.  Well  rotted  farm-manure,  8  months  old.    (Voelcker.) 

168.  **  Box  manure,"  consisting  of  the  mixed  manure  of  bullocks,  horses  and 
pigs.  By  means  of  a  fine  sieve,  58.3%  of  dung  were  separated  from  41.7%  of 
straw.    (Way,  Journal  of  Royal  Agric.  Soc.  of  England,  1850,  2. 769.) 

164.  Taken  from  the  accumulations  of  a  bam  that  contained  only  young 
growing  animals  and  a  few  horses.  The  food  was  good  timothy  hay,  liberal 
quantities  of  bran,  a  few  oats,  and  a  little  corn-meal.  (S.  W.  Johnson,  Report 
Conn.  Exp.  Station,  1889,  pp.  117, 118.) 

165.  Mixed  manure  of  cows  and  horses,  taken  from  a  compact  bed  two  feet 
thick,  which  had  accumulated  during  the  winter  in  a  large  covered  yard,  and 
had  been  trampled  upon  by  the  animals.  It  was  estimated  that  80  tons  of  straw 
had  been  used  for  bedding  45  animals  195  days,  and  that  466  tons  of  manure  were 
produced.    (Roberts,  3d  N.  Y.  Cornell  Report.) 

166.  Similar  to  No.  165,  but  produced  during  another  year,  when  less  cotton- 
seed-meal was  fed.  In  this  case,  24  cows,  1  bull,  12  horses,  1  colt,  7  winter  calves, 
and  12  spring  calves,  regarded  as  47  adult  animals,  produced  199.5  tons  of  manure 
in  5  months.    (Roberts,  loc.  cit.) 

167  to  170.  Manure  obtained  in  summer  from  a  herd  of  about  25  cows  and 
a  few  steers  and  sheep,  12  calves  and  ten  horses,  littered  with  as  little  straw  and 
sawdust  as  was  consistent  with  cleanliness.  The  manure  was  hauled  out  by 
alternate  loads  and  thrown  into  two  heaps ;  one  (No.  167)  in  an  open  yard,  ex- 
posed to  sun  and  rain,  but  on  a  place  so  dished  and  puddled  with  clay  that  no 
noticeable  portion  of  the  leachings  could  escape ;  while  the  other  heap  (No.  168) 
was  kept  under  a  shed  open  on  one  side  and  wholly  above  ground.  The  cattle  and 
a  few  pigs  were  allowed  to  run  over  the  heaps  for  an  hour  or  two  each  day  to  ensure 
a  certain  amount  of  compaction  as  the  heaps  were  formed.  When  the  manure 
was  hauled  out  In  August,  29  loads  of  nearly  3,000  lb.  each  were  found  In  the 
exposed  heap,  and  34  loads  of  slightly  less  than  2,000  lb.  each,  were  got  from  the 
covered  heap.  In  a  repetition  of  the  foregmng  trial,  made  in  the  autumn  and 
early  winter,  56  loads  of  2,800  lb.  each  were  hauled  from  the  open  yard  (No. 
169)  early  in  February  and  54  loads  of  2,500  lb.  each  were  hauled  from  the  covered 


HORS&KAMTTBB. 


24S 


heap  ( No.  170) .  It  appeared  that  in  summer  more  organic  matter  and  more  nitro- 
gen were  lost  from  the  exposed  heap  than  from  the  covered  heap,  while  in  winter 
the  reverse  of  this  seemed  to  be  true.  That  is  to  say,  the  manure  lost  relatively 
most  from  overheating  onder  the  covered  shed  in  winter,  and  when  exposed  to  the 
son  in  the  summer.    (Frear,  Armsby  &  Hunt,  Penn.  Report,  1892,  ii.,  79.) 

171*  Manure  from  32  horses,  3  cows  and  12  hogs.  The  figures  cited  are  the 
means  of  4  analyses,  made  in  4  saooessive  years.  (I^eoouteux,  Biedexmann's 
CentralbUU,  1881, 10.  177.) 
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i  K<0  and  Na?0. 

200.  Horse-dung,  by  itself.  (Payen  &  Boussingaalt,  Ann.  Ch.  et  Phys.  (3.) 
8.103.) 

201.  Mixed  dung  and  urine  of  a  horse.    (Payen  &  Boussinganlt,  he.  cit.) 

202.  Fresh  horse-dung,  winter  food.  (Stoeckhardt,  Chemische  Feldpredigten, 
1856,  84.) 

208.  Fresh  manure  of  horses  fed  with  hay  and  oats,  and  bedded  with  4.6  lb. 
of  straw  per  head  and  day.  (Boussingault,  dted  by  Muntz  and  Girard,  in  "  Les 
Engrais,"  1.  240.) 

204.  Fresh  horse-manure  from  stables  of  street-railway  companies  in  New 
York  City.  The  horses  were  fed  with  oats,  corn-meal  and  chopped  hay,  in 
nearly  equal  proportions.  The  manure  contained  no  long  straw,  and  weighed 
4,535  lb.  to  the  cord,  or  about  35  lb.  to  the  cubic  foot.  (S.  AY.  Johnson,  Conn. 
A«ric.  Bep.,  1873,  p.  348.) 
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205.  Hone-manure  taken  from  a  carload  brought  from  New  York  City.  (S. 
W.  Johnson,  Rep.  Conn.  Agric.  Exp.  Station,  1880,  p.  43.) 

206.  Horse-manure  from  animals  fed  liberally  on  hay  and  oats.  The  sam- 
ple contained  30  lb.  of  straw  bedding,  and  406  lb.  of  mixed  dung  and  urine.  (N. 
Y.  Cornell  Station.) 

207.  Fresh  horse-dung  from  an  animal  fed  daily  on  14  lb.  of  timothy  hay  and 
4  quarts  of  oats  mixed  with  cracked  maize.  The  dung  was  collected  in  dry 
winter  weather,  a  few  hours  after  it  had  been  dropped.  A  sample  of  the  fresh 
dung  contained  73.86%  of  water.  (B.  F.  Kedzie,  in  Laboratory  of  the  Bussey 
Institution.) 

208.  Horse-manure.    (Bretschneider.) 

209.  Solid  excrements  of  two  horses,  collected  21  May  at  Montpellier,  France. 
The  food  consisted  of  lucern  hay  and  oats.  (Audoynaud  and  Zacharewicz, 
Biedermann's  Centralblatt,  15.  518.) 

210.  Dung  of  a  f aim-horse  fed  with  17.6  lb.  of  a  mixture  of  maize  and  oats, 
6.6  lb.  of  hay  and  straw,  and  22  lb.  of  water,  and  producing  20.6  lb.  of  dung,  and 
nearly  3  lb.  of  urine  per  day.    (Muntz  &  Giraid,  **  Les  Bngrais,"  1.  196.) 

211.  Dung  of  hoises  fed  with  nothing  but  oats  or  maize,  or  horse-beans,  and 
yielding  4JS  to  11  lb.  of  solid  excrement  per  day.  (Muntz  &  Girard,  loc.  cU.,  p. 
197.) 

212.  Dung  of  horses  fed  with  nothing  but  hay,  and  producing  from  18  to  40 
lb.  of  solid  excrement  per  day.    (Muntz  &  Girard.) 

213.  Dung  of  horses  fed  with  ordinary  rations  of  hay  or  straw  and  grain, 
and  producing  from  11  to  33  lb.  of  solid  excrement  per  day.    (Muntz  &  Girard.) 

214.  Manure  from  omnibus  horses  in  Paris.  (Muntz  &  Girard,  "  Les  £u- 
grais,"  4.242.) 

215.  Fresh  manure  as  sold  to  farmers  from  the  yards  of  the  Omnibus  Ca  of 
Paris,  France.    (Muntz  &  Girard,  '*  Les  Engrais,"  1.  356.) 

216.  Manure  from  the  same  stables  as  No.  215,  after  it  had  been  left  by  a 
farmer  in  a  heap  in  the  open  air  for  6  months.  (I|f  untz  &  Girard,  loc.  dt.,  1. 359.) 

217.  Fresh  horse-manure  taken  from  large  heaps  at  acayalry  camp,  at  Saint 
Maur,  France.    (Muntz  &  Girard,  loc.  cit.) 

218.  Same  manure  as  No.  217,  after  it  had  been  left  to  rot  in  the  heaps  during 
2  months.    (Muntz  &  Girard,  loc  cit,,  1.  361.) 

219.  Fresh  manure  of  horses  fed  on  hay  and  grain,  and  bedded  with  finely 
cut  wheat-straw.    (G.  C.  Watson,  U.  S.  Exp.  Station  Record,  5.  389.) 

220.  Horse-manure  from  a  stable  in  which  German  peat-fibre  had  been  used 
as  Utter.    (Voelcker,  Roy.  Ag.  Jour.  (2.),  19.  246.) 

221.  Air-dried  manure  of  horses  that  had  been  bedded  with  fine  peat-moss. 
A  five-inch  layer  of  the  peat  was  placed  in  the  stalls  and  left  there.  At  the 
end  of  three  weeks  it  had  become  moist,  and  the  first  sample  was  taken  for 
analysis.  More  peat  was  then  strewn  upon  that  already  in  the  stalls,  and  at 
the  end  of  the  month,  the  second  sample  of  the  manure  was  collected  for  analy- 
sis.   (Arnold,  Biedermann's  Centralblatt,  1881, 10.  590.) 

222.  Manure  from  inns  in  Southern  France,  consisting  of  the  excrements  of 
horses  and  mules  that  were  fed  upon  hay  and  oats,  and  employed  by  carters  for 
hauling  goods  upon  the  roads.  The  animals  were  bedded  with  straw,  "  not  in 
excess.''  The  sample  analyzed  was  taken  from  a  heap  of  manure  one  month 
old  after  fermentation  had  begim.  The  heap  had  been  wet  but  little,  and  the 
dryness  of  the  manure,  and  its  consequent  **  strength  "  are  noticeable.  This 
specimen  was  reckoned  to  be  a  fair  sample  of  horse-manure  as  produced  in  tayem 
stables  at  that  date  on  the  highways  of  Southern  France.  When  taken  from 
the  heap,  this  manure  weighed  660  kilos,  per  cubic  metre,  and  it  weighed  820 
kilos  the  cubic  meter,  when  firmly  trodden  in  a  cart.  (Boussingault,  Payen  and 
Gasparin,  Ann.  Ch.  et  PhyB.,1842  (3.),  6.  467;  and  Gasparin's  Cours  d'Agii- 
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caltore,  1.  5&3, 596, 599»  600, 642. )  From  the  result  of  this  analysis,  and  of  others 
made  by  Boussingault,  Oasparin  was  led  to  insist  that  the  manure  of  different 
farms  and  even  of  different  animals  may  differ  chiefly  in  respect  to  the  propor- 
tion of  water.  He  urged  that  "  normal  manure  "  from  farmyards  and  stables, 
when  not  overcharged  with  straw  or  other  litter,  if  completely  dried  at  212**  F. 
will  contain  not  far  from  2  %  of  nitrogen. 

228*  Average  composition  of  fresh  horse-manure,  with  litter.    (Wolff.) 
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806.    .    . 

73.66 

26.34 

13.69 

0.44 

1.39 

0.49 

0.81 

0.03 

0.63 

807  ..    . 

64.  to 

26.  to 

10.  to 

1.0  to 

.... 

.... 

0.2  to 

.... 

0.7  to 

73. 

37. 

12. 

1.1 

0.4 

0.8 

808.    .    . 

64.60 

35.40 

3.60 

0.67 

0.33 

0.18 

0.23 

.... 

0.83 

809  .    .    . 

69.30 

30.70 

6.69 

0.77 

0.60 

0.06 

0.21 

0.45 

0.61 

810  .    .    . 

70.27 

29.73 

0.37 

0.47 

.... 

0.60 

811  .    .    . 

75.60 

24.40 

.... 

0.87 

0.34 

.... 

0.51 

812  .    .    . 

67.30 

32.70 

1.71 

0.62 

.... 

0.65 

818.    .    . 

65.00 

35.00 

.... 

1.54 

0.31 

.... 

0.76 

814  ..    . 

68.30 

31.70 

1.26 

0.26 

•  •  • . 

0.51 

815  ..    . 

59JS2 

.... 

.... 

0.59 

0.39 

.... 

0.77 

850 


I  46.00  I  54.00  I  ....  I 


Goat-Manubb. 

I  ....  I    ....| 


I    2.16 


Hoo-MAirvBK. 


875.    .    . 

81.40 

18.60 

.... 

.... 

.... 

.... 

0.63 

876  .    .    . 

80.00 

20.00 

3.00 

0.50 

0.30 

0.45 

0.60 

877  ..    . 

72.40 

27.60 

2.60 

0.60 

0.08 

0.09 

0.19 

0.46 

878  .    .    . 

80.57 

19.43 

.... 

1.86 

.... 

.... 

0.19 

0.71 

879  ..    . 

84.00 

16.00 

.... 

.... 

0.62 

0.70 

880.    .    . 

.... 

.... 

.... 

.... 

.... 

.... 

0.28 

0.37 

881  ..    . 

74.13 

25.87 

0.32 

.... 

.... 

0.39 

0.84 

882.    .    . 

65.23 

34.77 

9.04 

0.10 

1.48 

0.12 

0.81 

6.02 

0.58 

i  KfO  and  NatO. 

800.  Dung  alone  of  sheep  fed  on  about  2.2  lb.  of  hay  per  diem  and  yield- 
ing about  5  lbs.  of  total  solid  and  liquid  excrement.    (Boussingault.) 

801.  Mixed  dung  and  urine  of  the  animals  of  No.  300.    (Boussingault.) 

802.  Fresh  manure  of  sheep  fed  with  hay  and  bedded  with  half  a  pound  of 
straw.     (Boussingault,  in  Muntz  and  Girard,  "  Les  Engrais,"  1.  240.) 

808.  Mixed  excrement  of  sheep.    (Payen  and  Boussingault,  loc,  at,) 

804.  Dung  of  sheep  fed  on  about  2  lb.  of  hay  per  diem.  (Stoeckhardt 
in  his  Chemische  Feldpredigten,  1856,  p.  84.) 

305.  Fresh  sheep's  dung.  The  animals  were  fed  upon  roots  in  an  old  pas- 
ture.   (Voelcker,  Roy.  Ag.  Soc.  Jour.,  1858, 18.118.) 

806.  Sheep-manure  that  had  been  kept  three  years  in  a  heap.  It  was  com- 
pletely decomposed ;  was  a  black,  greasy  mass,  and  had  more  of  an  earthy  than 
an  animal  smell.    (Yoelcker,  Roy.  Ag.  Soc.  Jour.,  1868, 18. 114.) 
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307.  Shoep-manure  that  had  been  trodden  firmly  in  stalls;  as  used  for 
manuring  tobacco  at  Wageningen,  in  Holland.  (A.  Mayer  in  his  Lehrbach, 
2. 179.) 

908.  Average  composition  of  fresh  sheep-manore  with  litter.    (Wolff.) 

809.  Sheep-manure.    (Bretschneider.) 

810.  Dnng  alone  of  sheep  fed  with  from  3.3  to  4.4  lb.  of  Incem  hay  and  6.6 
lb.  of  beets  per  day.    (Montz  and  Girard.) 

311.  Dong  and  urine  of  sheep,  of  about  90  lb.  weight,  fed  with  2.2  lb.  of 
lucem  hay  and  2.2  lb.  of  beets,  and  yielding  4.5  lb.  of  mixed  solid  and  liquid 
excrement  per  day.    (Muntz  and  Girard,  '*  Les  Engrais,"  1. 198.) 

812.  Sheep  manure,  from  mixed  food.  (Muntz  and  Girard,  '^Les  Engrais," 
1.242.) 

813.  Manure  from  sheep  fed  upon  lucem  hay.    (Muntz  and  Girard.) 

314.  Manure  from  sheep  fed  upon  green  cut  lucem.    (Muntz  and  Girard.) 

315.  Fresh  manure  of  sheep  fed  liberally  in  pens  and  bedded  with  enough 
cut  wheat-straw  jto  keep  them  clean.  (G.  C.  Watson,  U.  S.  Exp.  Station 
Record,  5.  387.) 

350.  Mixed  dung  and  urine  of  goats.    (Payen  and  Boussingault.) 

375.  Mixed  dung  and  urine  of  hogs.    (Payen  and  Boussingault.) 

376.  Dung  alone  of  swine  on  winter  food.  (Stoeckhardt  in  his  Chemische 
Feldpredigten,  1856,  p.  84.) 

377.  Average  comx)osition  of  fresh  hog-manure,  with  litter.    (Wolff.) 

378.  Hog-manure  from  Ferri^res  (France).  The  animals  were  fed  on  i>ot»- 
toes  and  barley,  and  it  was  reckoned  that  the  cost  of  producing  the  manure  was 
$1.62  tlia  ton.    (Gassend,  Biedermann's  Gentralblatt,  1882,  11. 640.) 

879.  Dung  alone  of  a  hog  eight  months  old,  of  132  lb.  weight,  that  was  fed 
with  15.5  lb.  of  cooked  potatoes  i>er  diem  and  yielded  ^.2  lb.  of  dung.  (Bous- 
singault, Mcmoires,  p.  169.) 

380.  Mixed  dung  and  urine  of  the  hog  No.  379,  which  produced  2.2  lb.  of 
dung  and  7  lb.  of  urine  per  diem.    (Boussingault,  he.  cit.) 

381.  Fresh  manure  of  pigs  richly  fed  and  bedded  liberally  with  cut  wheat 
straw.    (G.  C.  Watson,  U.  S.  Exp.  Station  Record,  5.  388.) 

382.  Manure  produced  by  swine  fed  on  garbage  and  corn-meal ;  it  had  been 
exposed  to  the  weather  as  it  lay  in  the  sties.  (Report  Conn.  Agric.  Station, 
1890,  71.) 

Urink  of  Nkat  Cattlb. 


BlstingaiBli. 

^ 

jS 

S 

^ 

j 

i 

Ing  Number 

of  the 
Specimen. 

^ 

^1 

< 

£ 

^ 

400  .     .     . 

88.28 

11.72 

1.47 

0.46 

401  ..    . 

92.10 

7.90 

3.66 

1.32  OT 
2.04 

trace 

0.97 

402.    .    . 

92.00 

8.00 

2.00 

1.40 

0.15 

.... 

0.80 

408.    .    . 

89.79 

10.21 

.... 

1.57 

.... 

.... 

trace 

0.78 

404.    .    . 

95.86 

4.16 

0.60 

.... 

.... 

0.01 

.... 

0.13 

405.    .    . 

88.27 

11.73 

.... 

1.69 

.... 

.... 

0.01 

.... 

1.54 

406.    .    . 



.... 



1.36 



.... 

0.02 

.... 

0.74- 
1.20 

407  ..    . 

.... 

.... 

.... 

1.39 

.... 

.... 

, , 

.... 

.... 

408  .    .    . 

.... 

.... 

1.27 

.... 

0.02 

1.17 

409  ..    . 



.... 

1.67 



0.03 

0.61 
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400.  Pure  cow's  urine  from  the  animal  described  under  No.  1.  (Bouasin- 
gault.) 

401.  Pure  urine  from  a  cow  fed  upon  rowen  and  potatoes.  (Boossingault, 
Memoires,  p.  177.) 

402.  Urine  of  cows  fed  in  winter  on  hay  and  potatoes.    (Stoeckhardt.) 

403.  Urine  alone  from  the  animal  described  under  Ko.  7.  (Muntz  and 
Oirard.) 

404.  Urine  alone  from  the  animal  described  under  No.  8.  (Muntz  and 
Girard.) 

405.  Urine  alone  from  the  animal  described  under  No.  9.  (Muntz  and 
Oirard.) 

406.  Urine  alone  from  the  cows,  Na  10.    (Muntz  and  Girard.) 

407.  Many  samples  of  cows'  urine  from  animals  fed  either  with  green  cut 
forage  or  with  hay  and  oil-cake.  (Audoynaud  and  Zaoharewicz,  Hoffmann's 
Jahresboricht,  1886,  p.  217.) 

408.  Fresh  cows'  urine,  average  of  many  analyses  on  yaried  foods  used 
throughout  the  year.  (Hansen,  U.  S.  Exp.  Stat.  Bee.,  V.,  No.  5,  p.  524;  Bieder- 
mann,  1894,  163-165.) 

409.  Average  of  analyses  made  from  time  to  time  in  the  course  of  a  fodder- 
ing exjieriment  which  lasted  eight  weeks,  of  dung-liquor  from  cows.  As  the 
liquor  contained  no  water  other  than  that  excreted  by  the  animals,  it  may  be 
regarded  as  being  of  unusually  high  grade.  (Kuehn,  cited  in  Heiden's  Duen-. 
gerlehre,  2d  edition,  2.  109.) 

Ubhts  of  Hobsbs. 


425.  .    . 

426.  .    . 
427  .    .    . 
428.    .    , 

91.08 
79.10 
89.00 

8.92 
20.90 
11.00 

2.66 
'3.00 

1.38 

1.60 
0.90 

"""0.86"' 

0.00 

'6.0b 
trace 

.... 

1.48 
2.61 
1.20 
1.52 

Ubimb  of  Shbbp. 

440  .    .    . 

441  ..    . 
442.    .    . 

86.50 
86.50 

13.50 
13.50 

3.60 

2.00 
1.72 

""0.60" 

0.01 

0.05 

trace 

.... 

1.31 
1.40 
0.89 

Ubinb  of  Hogs. 

475.  .    . 

476.  .    . 

477  ..    . 

97.'3b 
97.60 

'2.'72 
2.50 

1.25 
3.90 
1.00 

0.72 
1.69» 
0.20 

*   *0.06*" 

0.04 
0.20 
0.13 

.... 

0.23 
0.78 
0.30 

^  KcO  and  Na'O. 

425.  Urine  of  a  horse  fed  with  oats  and  green  out  clover.  (Boussingault, 
Memoires,  p.  179.) 

426.  Urine  of  horses.    (Payen  and  Boussingault.) 

427.  Urine  of  horses  fed  on  hay  and  oats.    (Stoeckhardt,  he*  cU.) 

428.  Urine  of  horses.  (Audoynaud  and  Zacharewicz,  as  cited  in  Deh€rain's 
Chimie  Agricole,  p.  673.) 

440.  Urine  of  sheep  consuming  about  2.2  lb.  of  hay  per  diem  and  yielding 
about  5  lb.  of  mixed  dung  and  urine.    (Boussingault.) 

441.  Fresh  urine  of  sheep  fed  with  about  2  lb.  of  hay  per  diem.  (Stoeck- 
hardt.) 

442.  Urine  of  sheep  fed  with  from  3.3  to  4.4  lb.  of  lucem  hay  and  6.6  lb.  of 
beets  per  diem.    (Muntz  and  Girard.) 

475.  Fresh  urine  of  a  hog  eight  months  old,  of  132  lb.  weight,  that  was  fed 
with  15.5  lb.  of  cooked  potatoes  per  diem  and  yielded  7  lb.  of  urine  and  2.2  lb. 
of  dung.    (Boussingaulti  M<^moires,  p.  169.) 
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476.  Fresh  urine  of  hogs  fed  with  cooked  potatoes  and  bedded  with  1  lb.  of 
straw  i>er  diem.  (Bonssingault,  cited  by  Muntz  and  Girard,  "  Les  Engrais," 
1.240.) 

477.  Fresh  urine  of  hogs  fed  chiefly  on  potatoes  with  thin  swill.  (Stoeck- 
hardt.) 

Dung  Liquor. 


800  . 

801  . 

802  . 
808  . 
804  . 


805  . 


96.89 

3.11 

99.60 

0.40 

6.'44 



0.02 

96.20 

1.80 

i.ib 

0.49 

0.03 

0.04 

0.01 

r 

99.11 

0.89 

0.52 

0.27 

0.01 

0.06 

,     . 

99.25 

0.76 

0.37 

0.20 

.... 

.... 

trace 

0.16 

[   99.13 

0.87 

0.62 

0.22 

.... 

0.01 

0.02 

0.72 
0.06 
0.43 
0.15 
0.19  to 
0.22 
0.05 
0.11 
0.03 


800.  Mixed  urine  of  four  animals,  i.  e.,  fresh  barnyard-liquor.  (Payen  and 
Boussingault,  dted  in  Gasparin's  Traite',  1.  683,684.) 

801.  Bamyard-Iiquor.    (Payen  and  Boussingault,  loc,  cU.) 

802.  Average  of  many  analyses  of  liquid  manure  from  the  cistern  into 
which  the  cows'  urine  (No.  408)  flowed.  As  kept  in  tight  covered  tanks,  a  loss 
of  about  2  %  per  month  of  the  nitrogen  of  the  urine  was  noticed.  (Hansen, 
loc.  cU.) 

808.  Average  composition  of  dung-liquor.    (Wolff.) 

804.  Flemish  liquid  manure.    (Payen  and  Boussingault.) 

805.  Three  samples  of  dung-liquor.  (Cited  by  Deh^iain  in  his  Chimie 
Agricole,  p.  697.) 

Nessler  examined  dung-liquor  from  7  different  localities,  to  ex- 
hibit the  relations  between  potash  and  chlorine.  His  results  are 
given  in  the  following  table. 


Nitrogen. 

uu  O.C.  oi  cne 
Phosp.  Acid 

sample  oo 
PotMb. 

nuuneagrn 
Chlorine. 

1.  OI 

Soda. 

The  8p.  Or. 

was 

A.    . 

.    0.070 

0.007 

0.232 

0.040 

0.016 

1.0056 

B.    . 

.    0.076 

0.016 

0.539 

0.206 

0.060 

1.0118 

0.    . 

.    0.041 

0.014 

0.200 

0.115 

0.071 

1.0056 

D.    .    , 

.    0.650 

0.022 

0.776 

0.144 

0.070 

1.0350 

K     .    . 

.    0.480 

0.050 

1.100 

0.110 

0.100 

1.0260 

F.     .     , 

.     1.050 

0.073 

0.742 

0.280 

■  •  ■ 

1.0510 

G.     . 

.     .    0.320 

.  .  . 

0.890 

0.194 

0.120 

1.0220 

Yoelcker  long  ago  made  elaborate  analyses  of  two  samples  of  dung- 
liquors,  the  one  coming  from  an  old  heap  of  manure  and  the  other 
from  a  recent  heap.  The  old  dung-heap  consisted  of  a  well  rotted 
mixture  of  horse-manure,  manure  from  neat  cattle  that  were  fatting 
in  box-stalls,  and  manure  from  sheep-pens.  The  sample  examined 
was  collected  in  rainy  weather  and  was  known  to  be  diluted  to  a 
considerable  extent  with  rain-water.  It  was  of  a  dark  brown  color, 
and  contained  neither  free  ammonia  nor  free  sulphuretted  hydrogen. 
It  exhibited  a  neutral  reaction,  but  on  boiling  the  liquid  its  reaction 
became  alkaline  ;  soluble  bicarbonates  which  were  held  in  solution 
were  decomposed  by  the  heat,  and  both  ammonia  and  carbonic  acid 
were  given  off  freely. 
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On  a<lding  muriatic  acid  to  the  dung-liquor  it  effervesced  freely, 
humic  acids  were  precipitated  in  abundance,  and  a  most  disgusting 
smell  was  made  manifest,  but  no  sulphuretted  hydrogen  could  be  de- 
tected. It  appeared  from  this  reaction  that  the  color  of  the  original 
liquor  was  due  to  the  presence  of  humates  of  potash,  soda  and  am- 
monia. It  was  noticed  that  so  long  as  the  dung-liquor  was  kept  cool 
no  free  ammonia  escaped  from  it,  but  that  on  heating  the  liquid 
somewhat,  ammonia  began  to  be  given  off.  The  analysis  showed 
that  the  liquor  contained  noteworthy  amounts  of  soluble  phosphates 
and  that  it  was  rich  in  potash  salts. 

The  other  dung-heap  was  composed  chiefly  of  a  mixture  of  fresh 
horse,  cow  and  hog  manure.  The  liquor  from  it  was  collected  at  a 
time  when  no  rain  had  fallen  for  several  weeks,  and  was  consequently 
concentrated.  This  liquid  was  very  dark  colored  and  of  highly  of- 
fensive odor,  though  it  contained  no  sulphuretted  hydrogen.  It  was 
neutral  to  test-papers,  but  on  heating  it  ammonia  escaped,  though  in 
much  smaller  quantities  than  came  from  the  liquor  that  had  drained 
from  the  old  heap. 

There  was  found  in  an  imperial  gallon  of  these  drainings  the  fol- 
lowing numbers  of  grains  of  the  several  constituents. 

Old  Hoap.  New  Hoap. 

Ammonia  expelled  by  boiling 36.25  )  «g  «o 

AmmoDia  not  expelled  by  boiling 3,11  f 

Ulmic  and  humic  acids 125.60  .  .  . 

Carbonic  acid  expelled  by  boiling 88.20  ... 

Other  organic  matters U2.60  716.81 

[Nitrogen  in  these  organic  matters     ....  3.59  31.08] 

Soluble  silica 1.50  9.51 

Phosphate  of  lime  with  a  little  phosphate  of  iron  15.81  72.65 

Carbonate  of  lime 34.91  59.58 

Carbonate  of  magnesia 25.66  9.95 

Sulphate  of  lime 4.36  14.27 

Chloride  of  sodium 45.70  101.82 

Chloride  of  potassium 70.50  60.64 

Carbonate  of  potash 170.54  297.38 

In  the  gallon 764.64      1357.74 

The  liquor  from  the  new  heap  was  almost  twice  as  concentrated 
as  that  from  the  old  heap,  since,  as  it  happened,  the  latter  had  been 
diluted  to  a  considerable  extent  with  rain-water.  But  in  spite  of 
this  fact,  there  was  less  than  half  as  much  ammonia,  in  the  form  of 
ammonium  salts,  in  the  fresh  liquor  (15  grains)  as  in  the  old  (39 
grains).  The  large  amount  of  nitrogen  in  organic  combination  found 
in  the  liquor  from  the  new  heap  shows  that  comparatively  little  de- 
composition had  occurred  there  as  yet;  while  from  the  character  of 
the  drainings  of  the  old  heap  it  appeared  that  noteworthy  amounts  of 
the  organic  nitrogen  had  in  the  course  of  time  changed  to  compounds 
of  ammonia. 

Mere  traces  of  nitrates  were  detected  in  the  liquor  from  the  fresh 
manure,  while  there  were  noteworthy  quantities  in  the  liquor  from 
the  rotten  dung. 

The  liability  of  soluble  organic  matters  to  suffer  decomposition  is 
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illustrated  by  the  fact  that  while  the  amount  of  inorganic  matters 
(nearly  369  grains)  in  the  old  liquor  exceeded  the  amount  of  organic 
matters  (about  366  grains),  the  relations  were  reversed  in  the  fresh 
liquor,  where  there  were  some  626  grs.  of  ashes  to  717  grs.  of  organic 
matter.  It  is  to  be  observed  that  dung-liquor  differs  from  urine  in 
several  respects.  For  example,  the  drainings  of  manure-heaps  con- 
tain considerable  quantities  of  soluble  phosphates,  although  ordinarily 
no  appreciable  quantity  of  phosphoric  acid  can  be  detected  in  the 
urine  of  cows  or  horses. 

HUKAN  BXCRKMBNTS. 


DlstingaUh. 
Ing  Number 

of  the 
Specimen. 

1 

H20 

^ 

i 

KtO 

CaO 

i 

BigO 

P«0« 

'f 

NHs 

N 

A.  Dung    . 

B.  Urine   . 

76.00 
96.00 

25.00 
4.00 

1.6 
1.1 

0.35 
0.20 

0.55 
0.03 

0.56 
0.15 

.... 

.... 

0.70 
1.00 

A.  Ayeraee  composition  of  fresh  solid  excrement  of  well  fed  men.  (Stoeck- 
hardt,  Chenusche  Feldpredigten,  1856,  p.  95.) 

B.  Average  composition  of  fresh  uzine  from  well  fed  men.  (Stoeckhardt, 
he.  cit.) 

It  is  to  be  noted  that  in  spite  of  the  large  proportion  of  water  in 
urine,  the  amount  of  solid  matter  in  the  urine  voided  by  a  man  in  a 
day  is  about  one-third  larger  than  the  quantity  of  dry  matter  in  the 
solid  evacuations  of  a  day. 

The  items  here  given  in  the  table  relating  to  human  excrement 
are  for  the  sake  of  comparison  merely.  The  question  of  the  compo- 
sition of  fsecal  matter  will  be  considered  more  particularly  in  the 
chapter  on  Kight-Soil. 

Average  Composition  of  Manures. 

Having  regard  to  the  more  trustwoi*thy  of  the  analyses  given  in 
the  tables,  it  will  be  seen  that  100  lb.  of  good  farmyard-manure 
usually  contain  from  70-odd  to  80-odd  lb.  of  water,  or  say  three- 
quarters  of  the  whole  weight  of  the  manure,  and  that  it  is  safe  to 
allow  for  each  100  lb.  of  the  manure  as  much  as  0.04  to  0.06  lb. 
of  niti'ogen,  from  0.15  to  0.35  lb.  of  phosphoric  acid,  some  0.4 
to  0.6  lb.  of  potash,  0.5  to  0.9  lb.  of  lime,  and  about  0.2  lb.  of 
magnesia.  The  large  amount  of  water  is  so  to  say  essential,  since 
the  manure  would  not  ferment  properly  in  the  absence  of  mois- 
ture. 

The  small  percentage  of  nitrogen  in  farm-manure,  as  compared 
with  other  nitrogenous  fertilizers,  is  well  shown  by  the  following 
table :  — 
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Abont  per  Aboai  dot 

OrdinarUj  there  if  in  oent  of      Ordlnerily  there  ii  cent  of  Mi- 

Coinmercial  Nitrogen.        in  CommereiAl  trogen. 

Sulphate  of  ammonia      .    .  20-21  Bone-meal 3-4 

Nitrate  of  soda 15-16  Horn-waste.    ....  8-14 

Nitrate  of  potash    ....  11-12  Woolen  rags     ....  10-12 

Dried  blood 10-12  Wool-waste 3-7 

Tankage 7-10  Boot 1.3-2.5 

Fish-scrap 6-10  Peat 1.5-2 

Peruvian  guano ......  7-9  Hen-manure    ....  1-2 

Oil-cakes 5-8  Farm-manure ....  0.4-0.6 

Urine  a  forcing  Manure. 

It  will  be  noticed  that  the  comparatively  large  proportion  of  ni- 
trc^en  in  the  urine  of  animals  corroborates  the  common  view  of 
farmers,  that  urine  is  a  <^  forcing  manure."  Fresh  urine  is,  in 
fact,  a  very  valuable  nitrogenoas  fertilizer.  In  cases  where  it  can 
be  brought  immediately  to  the  crops,  each  pound  of  this  nitrogen 
may  be  rated  at  as  high  a  price  as  has  to  be  paid  for  the  pound  of 
nitrogen  in  guano  or  in  nitrate  of  aoda.  All  of  the  nitrogen  in 
urine  is,  of  course,  in  the  soluble  form,  and  it  may  be  regarded  as 
immediately  avaUable  as  plant- food.  The  same  may  be  said, 
also,  of  the  potash  salts,  which  constitute  the  other  fertilizing 
constituents  of  the  urine  of  herbivoi*ous  animals.  It  is  to  be 
obser\'ed,  moreover,  that  a  large  proportion  of  the  potash  in  the 
food  of  these  animals  passes  out  from  them  in  the  urine,  while 
the  phosphoric  acid,  and  most  of  the  lime  and  magnesia,  go  out 
in  the  dung. 

The  nitrogen  in  mere  dung  is  of  very  inferior  quality  to  that  in 
urine,  since  most  of  it  is  insoluble,  and  in  a  condition  unassimila- 
ble  by  plants.  It  is  contained  chiefly  in  the  undigested,  not  to  say 
indigestible,  portions  of  food  which  have  been  expelled  by  the  ani- 
mal as  useless  for  his  purposes,  while  the  nitn^en  in  urine  is  all  in 
solution.  Considered  from  this  point  of  view,  the  money  value  of 
the  dry  matter  in  urine  is  far  larger  than  that  in  dung,  as  may 
readily  be  seen  by  computing  the  value  of  the  constituents  in  100 
or  1 ,000  lb.  of  both,  in  accordance  with  the  data  given  on  a  pre- 
vious page.  It  is  true,  none  the  less,  practically,  that,  in  its  ordi- 
nary condition  of  dryness,  first-rate  farmyard-manure  is  a  powerful 
nitrc^enouB  fertilizer.  Thus,  Deh^rain  found,  in  two  samples  of 
^'normal  mixed  manure"  from  the  farmyard  at  Grignon,  the  fol- 
lowing percentages  of  nitrogen :  — 
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Nitrogen  in  the  form  of  carbonate  of  ammonia  .  .  .  0.045  0.030 
*'  "  **  non-volatile  salt  of  ammonia  .  0.015  0.010 
<*        in  organic  matter 0.660      0.370 

Total  nitrogen 0.720      0.410 

Alkalinity  of  Horse-  and  Qow^rine, 

Another  point  to  be  noticed  is,  that  the  urine  of  cows  and  horses 
has  a  distinctly  alkaline  reaction,  both  when  fresh  and  after  fer- 
mentation has  set  in.  The  fresh  urine  of  herbivorous  animals  is 
alkaline,  because  it  contains  bicarbonate  of  potash,  as  Boussingault 
insisted  long  ago,  while  the  carbonate  of  ammonia  in  stale  urine 
is  even  more  strongly  alkaline.  Both  these  facts  are  important, 
because,  as  will  be  seen  hereafter,  most  fermentations  are  pro- 
moted by  the  presence  of  alkaline  liquids. 

A  good  general  idea  of  the  condition  in  which  nitrogen  exists 
in  fresh  urine  may  be  got  from  the  analyses  of  Boussingault, 
given  in  the  following  table,  though  it  is  to  be  said  that  the  pro- 
portion of  urea  or  of  hippuric  acid  may  vary  considerably,  accord- 
ing to  the  food:  — 

In  fresh  urine  tliere  wma  prcMni  of  Cow.>  Horse.*     Hog.* 

Urea 1.85  3.10        0.49 

Hippurate  of  potash  ........  1.65  0.47        0.00 

Lactate  of  potash 1.72  1.13  )  not  esti- 

Lactate  of  soda 0.88  )  mated. 

Bicarbonate  of  potash 1.61  1.55        1.07 

Carbonate  of  magnesia 0.47  0.42       0.09 

Carbonate  of  lime 0.06  1.08        traces. 

Sulphate  of  potash 0.36  0.12        0.20 

Chloride  of  sodium 0.15  0.07        0.13 

Silica traces  0.10        0.01 

Phosphate  of  potash 0.00  0.00        0.10 

Water  and  loss 92.13  91.08  97.91 

All  these  urines  were  strongly  alkaline,  from  the  presence  of 
bicarbonate  of  potash.  It  is  noticeable  how  large  a  proportion  of 
the  8  or  9  ^  of  solid  matters  contained  in  the  urine  of  the  cow 
and  the  horse  consists  of  urea.  The  observations  of  Audoynaud 
and  Zacharewicz  corroborate  those  of  Boussingault,  for  they  found 
from  16  to  26  grammes  of  urea  (on  the  average  of  many  trials, 
21.96  grms.  of  urea,  equal  to  10.2  grm.  of  nitrogen)  to  the  litre 
in  the  urine  of  cows  fed  with  green  fodder  and  with  hay  and  oil- 

1  The  cow  was  fed  npon  rowen  and  potatoes. 

*  The  horse  was  fed  with  green  cat  cloTer  and  oals. 

*  The  hog  was  fed  ezelnsfyely  on  cooked  potatoes,  but  neither  hippnric  nor  nrio  acid 
appeared  in  the  nrine,  not  eren  on  feeding  with  green  cat  dorer. 
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cake.  They  found,  also,  as  much  hippurate  of  potash  as  would 
contain  another  grm.  of  nitrogen;  i.  e.  they  found  11.2  grm.  of 
nitrogen  in  all.  The  proportion  of  hippuric  acid  is  subject  to 
wide  variations,  accoixling  to  the  food,  von  Bibra  says  from  0.55 
to  1.20  ^.  Some  chemists  have  held  that  fodder  rich  in  lignin 
specially  tends  to  the  production  of  hippuric  acid.  Henneberg 
and  Stohmann  found  most  hippuric  acid  (2.1  to  2.7  ^)  in  the 
urine  of  oxen  that  were  fed  with  the  straw  of  wheat  or  oats  to 
which  a  little  bean-meal  had  been  added.  With  hay  alone,  they 
found  from  1.2  to  1.4  ^  of  hippuric  acid.  As  the  mean  of  8 
trials,  they  found  in  cow's  urine  0.85  ^  of  hippuric  acid  and 
1.1  ^  of  urea.  As  a  rule,  the  addition  of  easily  digestible  foods 
to  the  ordinary  hay  or  straw  ration  diminished  the  hippuric  acid 
and  increased  the  proportion  of  urea.  In  the  urine  of  sheep  fed 
upon  hay  and  straw,  there  appears  to  be  actually  more  hippuric 
acid  than  urea.  Urea  contains  nearly  half  its  weight  of  nitro- 
gen, uric  acid  about  one-third  of  its  weight,  and  hippuric  acid  less 
than  8  % . 

Generally  speaking,  the  proportion  of  urea  in  urine  is  intimately 
connected  with  the  digestion  and  utilization  of  nitrogenized  foods. 
To  show  how  widely  the  amount  of  it  may  vary  according  to  the 
character  of  the  food,  the  following  table  is  appended.  It  relates 
to  human  urine,  as  investigated  by  Lehmann,  and  gives  the  weight 
in  grammes  of  the  stated  substances  which  were  discharged  in  the 
urine  of  a  healthy  adult  in  24  hours :  — 


On  a  mixed  diet    .    . 

On  an  animal  diet .    . 

On  a  vegetable  diet   . 

On  a  non-nitrogenized  diet 

Practical  Value  of  Dung-Liquor. 

The  dark-colored  liquor  which  drains  out  from  old  dung-heaps 
i's  known  to  possess  great  fertilizing  power,  and  the  rank  growth 
of  weeds  and  grass  in  places  wet  by  it  capitally  illustrates  the  ab- 
surdity of  allowing  any  of  it  to  go  to  waste,  as  happens  far  too 
frequently.  As  the  table  of  analyses  shows,  dung-liquor  does  not 
usually  hold  any  very  large  quantity  of  matter  in  solution,  in  spite 
of  its  dark  color.  In  special  trials  made  to  test  this  point,  Deh^- 
rain  found  no  more  than  from  2  to  4  %  of  dry  matter.  Dung- 
liquor  has  an  alkaline  reaction,  due  to  the  presence  of  carbonate 


Solid 
ConititaeDto. 

Una. 

Uric  Add. 

EztnotlT« 

Mattenand 

Salte. 

.     67.82 

32.50 

1.18 

12.75 

.     87.44 

53.20 

1.48 

7.31 

.     59.24 

22.48 

1.02 

19.17 

b     41.63 

15.41 

0.74 

17.13 
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of  ammonia  and  carbonate  of  potash,  and  it  effervesces  strongly 
on  being  mixed  with  an  acid. 

Field  Experiments  with  Dung^Liquor. 
To  test  the  fertilizing  power  of  bamyai'd-liquor  as  applied  to 
grass,  Wollny  divided  three  grass-plots  in  such  wise  that  the  grass 
was  mown  for  hay  on  half  the  area  of  each  plot,  while  the  rest  was 
allowed  to  go  to  seed.  Half  the  grass  and  half  the  seed-hay  was 
manured  with  barnyard-liquor  at  the  rate  of  600  gallons  to  the 
acre,  while  the  other  half  received  no  manure.  The  results  of 
these  experiments  are  given  in  the  table :  — 

The  GrasB  Plot.  The  Seed  Flo*. 

Grass.  Hay.       Seed.       Straw.     Total 

lb.  lb            lb.            lb.           lb. 
French  ray-grass  (Avena  elatlor) 

manured  with  barnyard-liquor    9,209  2,123        80        2,890     6,830 

Same,  no  manure 5,648  1,690        51        2,304     5,321 

English  ray-grass  (Lolium  pe- 
renne)  manured  with  bamyard- 

Uquor 5,520  1,364      486        1,210     4,692 

Same,  no  manure 1,720  508      172           510     1,698 

Festuca  pratensis,  manured  with 

barnyard-liquor     ......    6,672  1,669 

Same,  no  manure 2,240  671 

On  analyzing  the  hay  of  the  French  ray-grass,  it  appeared  that 
the  parcel  which  had  been  manured  was  of  much  better  quality 
than  that  which  had  received  no  manure,  in  that  it  contained  a 
much  larger  proportion  of  nitrogenized  matters,  viz.  9f  ^  albumi- 
noids against  7|  ^  in  the  unmanured  hay. 
Use  of  Liquid  Manures. 

There  are  several  countries  where  liquid  manures  are  esteemed 
to  be  superior  to  all  others.  In  some  parts  of  Switzerland,  for 
example,  in  Holland,  and  particularly  in  Belgium,  liquid  manure 
is  used  freely.  Even  in  recent  years  Dr.  Voelcker  has  noticed 
that  the  Belgian  farmer,  as  a  rule,  is  anxious  to  obtain  as  much 
liquid  manure  as  possible,  and  to  this  end  he  rather  invites  than 
prevents  the  rains  which  fall  from  the  unguttered  roofs  of  the 
farm  buildings  to  find  their  way  to  the  dung-heap. 

Not  only  does  he  carefully  collect  in  tanks  the  drainings  of 
dung-heaps  and  liquid  refuse  from  the  house,  but  it  is  an  old 
custom  in  that  country  to  prepare  liquid  manure  expressly  for  cer- 
tain purposes  by  mixing  dung  with  water.  One  plan  is  to  stir 
oil-cake  into  the  tank  which  contains  the  mixture  of  dung  and 
water,  and  to  leave  the  mixture  to  itself  during  3  or  4  weeks  in 
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order  that  it  may  undergo  fermentation  before  it  is  applied  to 
the  land. 

•  This  custom  is  recognized  to  be  advantageous  in  so  far  as  the 
liquid  condition  of  the  manure  permits  its  even  distribution  through- 
out the  soil,  BO  that,  as  is  the  case  with  superphosphate  of  lime, 
the  plant-roots  may  everywhere  find  a  supply  of  nutriment.  It  is 
a  matter  of  practical  experience,  however,  that  liquid  manure  is 
not  adapted  to  all  kinds  of  crops.  Generally  speaking,  it  may  be 
applied  to  leafy  crops,  other  than  legumes,  but  not  to  those  which 
are  to  bear  seeds,  though  Nielson  finds  it  to  be  well  suited  to  crops 
of  seed-grass. 

When  properly  diluted,  it  may  often  do  good  service  upon  back- 
ward grain-crops  early  in  the  spring.  It  is  not  to  be  recom- 
mended for  leguminous  plants,  but. for  the  kitchen  garden  it  has 
great  merit.  Many  vegetables  may  be  greatly  helped  by  it,  and 
it  is  really  in  gardens  that  it  is  used  chiefly.  In  forcing  cauli- 
flowers, for  example,  it  is  customary  in  some  localities  to  scrape 
out  a  little  trench  around  the  root  of  each  plant,  and  to  pour  into 
it  one  or  two  quarts  either  of  dilute  liquid  manure  or  of  diluted 
night-soil.  In  some  places  liquid  manure  is  used  with  advantage 
upon  grass-fields  which  are  mown  several  times  a  year,  and  upon 
fodder  com,  mangolds  and  other  roots. 

In  Denmark,  according  to  Nielson,  liquid  manure  should  be  ap- 
plied in  the  spiing.  If  this  be  done,  it  serves  an  excellent  pur- 
pose on  winter  grain,  on  the  tnie  grasses,  especially  those  which 
grow  quickly,  and  on  beets.  In  his  experiments  it  produced  little 
effect  when  applied  in  the  autumn  to  gi*ass,  or  when  put  upon  fal- 
low  land,  at  that  season,  which  was  to  be  seeded  to  grain.  He 
urges  that  it  would  be  well,  if  it  were  possible,  when  preparing 
land  for  grain  in  the  autumn,  to  apply  stable  manure  that  con- 
tained no  dung-liquor,  and  to  apply  the  latter  to  the  young  grain 
in  the  spring.  On  the  growth  of  leguminous  plants  dung-liquor 
had  very  little  influence,  no  matter  whether  it  was  applied  in  the 
spring  or  in  the  autumn.  On  testing  the  practice,  which  prevails 
in  some  parts  of  central  Europe,  of  applying  dung-liquor  to  old 
fields  of  lucem,  Nielson  found  that  it  was  not  to  be  commended. 
He  condemns  it  as  irrational. 

Liquid  Manure  is  Costly. 

Since  the  preparation,  preservation,  and  application  of  the 
liquid  manure  involves  the  necessity  of  tolerably  costly  cistern^ 
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and  a  great  deal  of  labor  and  oversight,  the  use  of  it  has  been 
confined  hitherto,  with  rare  exceptions,  to  countries  where  the 
processes  of  agriculture  depend  on  what  may  be  called  hoi-ticul- 
tural  methods.  In  other  words,  liquid  manure  is  used  in  a  few 
countries  where  the  land  is  divided  into  gardens  rather  than  into 
farms.  It  has  been  suggested  also  that  the  use  of  liquid  manure, 
in  the  countries  where  it  is  habitually  employed,  may  have  origin- 
ated in  a  lack  of  straw  or  other  litter  wherewith  to  bed  the  animals 
and  to  absorb  their  urine.  Moreover,  it  has  been  argued,  with 
much  truth,  that  '^  The  chief  reason  why  so  much  trouble  is  taken 
by  the  Flemish  farmer  to  save  eveiy  particle  of  liquid,  as  well  as 
of  solid  manure,  and  why  so  much  time  and  labor  are  spent  in  its 
management,  is  simply  that  the  small  farmer  has  an  excessive  dis- 
like to  buying  anything.  Mistaking  bulk  for  quality,  his  argu- 
ment is,  '  The  more  manure  I  can  make,  the  less  guano  I  shall 
need  to  buy.'"      (Jenkins.) 

But  it  is  none  the  less  true,  that  the  Belgian  use  of  diluted  dung- 
liquor  teaches  a  highly  important  lesson  in  respect  to  the  mode  of 
action  of  animal  manures,  and  as  to  their  real  superiority  over 
most  other  fertilizers,  though  it  is  to  be  presumed  that  a  good 
part  of  the  efBcacy  of  liquid  manure  is  to  be  attributed  to  the 
rapid  nitrification  of  much  of  the  nitrogen  which  is  contained  in  it. 

A  subordinate  point  to  be  noted  is,  that,  for  very  high  farming, 
liquid  manure  properly  diluted  has  a  certain  advantage  over^uano, 
in  that  there  is  no  risk  of  the  crops  being  ' '  burned "  by  it,  as 
they  might  be  by  guano  in  case  the  land  were  to  become  dry  soon 
after  the  application  of  this  fertilizer.  In  cases  where  it  is  desir- 
able to  avoid  the  cost  of  transporting  large  quantities  of  water,  the 
crude  dung-liquor  may  be  hauled  directly  to  grass-land  in  showery 
weather.  It  is  said,  indeed  to  be  customary  in  Switzerland  to 
apply  dung-liquor  as  such  in  the  spring,  and  to  mix  it  with  water 
only  in  very  hot  weather. 

Some  idea  of  the  influence  of  dilution  in  promoting  nitrification 
may  be  got  from  the  results  of  Warington's  experiments  on  the 
nitrification  of  urine.  He  found  that  the  strength  of  a  urine  solu- 
tion which  can  be  nitrified  is  limited  by  the  proportion  of  carbon- 
ate of  ammonia  which  will  be  formed  in  it  from  the  urea  during 
the  first  stage  of  the  action.  Thus,  when  urine  in  different  degrees 
of  dilution  was  "  seeded"  with  soil  —  1  grm.  of  soil  being  added 
to  100  c.  c.  of  the  liquid  —  nitrification  began  in  11  days  in  a  1  % 
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solution,  in  20  days  in  a  5  ^  solution,  in  62  days  in  a  10  ^  solu* 
tion,  and  in  90  days  in  a  12  %  solution.  The  alkalinity  of  the 
last-named  solution  was  equal  to  447  mgr.  of  ammonia  to  the  litre 
when  nitrification  began  in  it,  which  was  very  near  the  limit  of 
tolerance,  for  nitrification  appears  to  be  impossible  in  solutions 
having  a  degree  of  alkalinity  equal  to  500  mgr.  of  ammonia  to 
the  litre.  It  is  to  be  noted,  however,  that  solutions  of  carbonate 
of  ammonia  much  stronger  than  those  here  cited  would  be  nitrified 
when  put  upon  a  fertile  soil,  since  the  ammonia  would  be  absorbed 
and  '^  fixed  "  by  the  soil,  and  its  alkalinity  would  thus  be  annulled 
or  diminished. 

Number  of  Cords  of  Manure  to  the  Acre. 

The  statements  of  practical  men  vary  not  a  little  as  to  the  quan- 
tity of  manure  to  be  applied  to  an  acre  of  land.  New  England 
farmers  commonly  regard  8  or  10  cords  to  the  acre  as  an  adequate 
dressing  for  field  purposes,  and  they  probably  rarely  use  more 
than  12  cords  or  less  than  6.  Market  gardeners,  however,  in  the 
vicinity  of  Boston,  apply  horse-manure  from  the  city  stables  at  the 
rate  of  20,  30,  40,  or  it  may  even  be  60  cords  to  the  acre,  —  to 
celery,  for  example;  though  some  of  them  are  said  to  now  use 
manure  at  the  rate  of  10  or  12  coi*d8,  together  with  1,000  lb.  of 
guano,  or  2,000  of  bone-meal,  whereby,  as  is  claimed,  a  great 
saving  in  the  first  cost  of  feii;ilization  is  effected. 

One  advantage  gained  by  the  gardeners  in  using  such  large 
quantities  of  manure,  is  that  the  soil  is  kept  soft  and  moist,  so 
that  the  roots,  even  of  the  most  tender  vegetables,  can  penetrate 
it  in  all  directions  with  great  freedom.  On  the  other  hand,  there 
is  a  disadvantage  in  that  the  flavor  of  vegetables  fed  with  excessive 
quantities  of  rank  manure  may  be  somewhat  impaired,  even  when 
pains  are  taken  to  protect  the  leaves  from  actual  contact  with  the 
dung.  Complaints  have  often  been  made,  in  Europe,  that  night- 
soil  may  act  in  this  way  when  too  much  of  it  is  applied  to  the 
land ;  and  it  is  notorious  that  cows  commonly  refuse  to  eat  the 
luxuriant  herbage  which  grows  about  heaps  of  manure,  as  well  as 
the  rank  grass  that  springs  up  around  clots  of  their  own  dung  in 
the  fields. 

The  famous  old  German  writer,  Thaer,  regarded  17  or  18  tons 
to  the  acre  as  an  abundant  dressing ;  14  tons  he  called  good,  and 
8  or  9  tons  light.    Other  German  authorities  speak  of  7  to  10  tons 
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as  light,  12  to  18  tons  as  usual,  20  or  more  tons  as  heavy,  and  30 
tons  as  a  very  heavy  application. 

Weckherlin  calculated  that,  for  two  exhaustive  crops,  12  tons 
of  manure  should  be  applied  to  the  acre,  and  for  three  exhaustive 
crops  18  tons.  In  the  northern  departments  of  France,  for  rota- 
tions of  three  years,  26  tons  to  the  acre  is  regarded  as  a  very 
heavy  manuring ;  22  tons  is  called  a  heavy  dressing,  and  18  tons 
good ;  13  tons  are  ordinarily  applied,  and  no  more  than  8  or  9  tons 
is  called  a  light  dressing.  (Muntz  &  Girard.)  Gasparin  speaks 
of  13  tons  to  the  acre  as  a  simple  ordinai-y  manuring  at  the  South 
of  France.  He  noticed  in  European  countries  where  the  three- 
course  rotation  is  practised,  and  the  land  is  manured  only  once  in 
the  three  years,  that  sometimes  24  tons  to  the  acre,  and  sometimes 
13  tons,  were  regarded  as  complete  manurings. 

There  must  always  be  some  uncertainty  in  statements  relating 
to  the  quantity  of  manure  required  to  dress  an  acre  of  land,  be- 
cause different  samples  of  manure  may  differ  considerably  as  to 
their  quality.  It  is  held  by  practical  men  that  manure  from  sta- 
bles where  horses  are  highly  fed,  either  for  pleasure  or  for  hard 
work,  from  pig-pens,  from  stall-fed  cattle  that  get  oil-cake  or 
grain,  and  from  cow-stables  in  or  near  cities,  has  more  than  twice 
the  strength  or  power  of  manure  that  has  been  produced  by  poorly- 
fed  animals. 

In  case  the  soil  is  rich  enough  and  moist  enough  to  be  worthy  of 
heavy  dressings  of  manure,  there  will  be  a  manifest  advantage  in 
applying  a  considerable  quantity  of  it  all  at  once,  because  of  the 
economy  of  labor.  The  land  will  need  very  much  the  same  amount 
of  ploughing,  haiTowing,  and  cultivating  for  a  given  course  of 
crops,  no  matter  how  much  manure  has  been  put  upon  it;  and,  as 
a  general  rule,  any  soil  needs  to  be  saturated  with  plant-food,  in 
order  that  it  shall  produce  first-rate  crops. 

WeigJU  of  tJie  Cord  of  Manure, 

BouBsingault  has  determined  the  weight  of  manure  as  fol- 
lows :  — 

Wt.  of  a  cubic  yard.    Wt.  of  a  cord, 

lb.  lb. 
Very  strawy  farmyard-manure,  as  thrown  from  the 

stable 500  to  676  2,400  to  3,200 

The  same  manure,  stUI  fresh,  but  well  settled  ....          1,200  6,600 

Half  rotted 1,400  6,400 

Well  rotted,  moist  and  compressed 1,600  7,200 

Well  rotted  manure,  of  yonnfr  cattle  fed  with  hay, 
taken  from  a  N.  E.  barnyard.  It  contained  one- 
quarter  of  its  weight  of  clay.    (S.  W.  Johnson.)  .    .          1,080  6,100 
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Tolerably  fresh  hone-manure,  without  long  ttmw  (8. 
W.Johnson.) 945  4,635 

Perfectly  fresh  horse-manure,  without  any  litter,  trod- 
den hard.  (H.  Stewart) 1,728  8,190 

Fresh  cow-manure.   (S.  W.  Johnson) 1,700  8,000 

packed  bard.    (H.  Stewart)    .    .    .  1,796  8,600 

Partly  rotted  cow-manure,  saturated  with  urine  from 
bottom  of  a  heap.  (H.Stewart) 1,897  8,992 

Waring,  at  Newport,  R.  I.,  found  that  a  well-trodden  cartload 
of  livery-stable  manure,  on  which  hogs  had  been  constantly  work- 
ing, but  which  contained  the  usual  proportion  of  straw,  weighed 
3.5  tons  to  the  cord. 

Generally  speaking,  cow-manure  may  be  estimated  to  weigh  8.5 
tons,  or  rather  more,  to  the  cord.    When  very  good,  it  may  weigh 
4  tons.     Horse-manure,  as  hauled  from  stables  in  Boston,  weighs 
some  2.5  tons,  or  perhaps  8  tons,  to  the  cord. 
Relation  between  Hie  Constituents  of  Manure  applied  and  Crops 

removed. 

It  was  remarked  many  years  ago  by  Chevreul,  that,  *' Manure 
is  the  complement  of  the  soil."  But  this  dictum  must  not  be  taken 
in  too  narrow  a  sense,  for  manures  serve  several  other  purposes 
beside  that  of  supplying  directly  to  the  land  the  chemical  sub- 
stances which  are  contained  in  them.  If  the  argument  were,  that 
manure  should  be  applied  in  quantities  sufficient  to  give  to  the 
land  as  much  potash  and  phosphoric  acid  as  the  crops  carried  off, 
the  amount  to  be  used  could  be  ascertained  by  simply  weighing 
and  analyzing  both  the  crops  and  the  manure,  and  contrasting  the 
results  of  the  analyses.  Heiden  has  made  such  a  comparison  for 
a  farm  at  Waldau,  and  has  obtained  the  results  which  here  follow. 
In  the  course  of  ten  years,  the  crops  grown  in  the  rotation  prac- 
tised at  Waldau  carry  off  from  each  Morgen  (=  0.681  acre)  of 
land  268  Gennan  pounds  of  potash,  121  lb.  of  phosphoric  acid, 
and  829  lb.  of  nitrogen. 

But  Voelcker  found  in  100  lb.  of  fresh  farmyard-manure  0.672 
lb.  of  potash,  0.815  lb.  of  phosphoric  acid,  and  0.648  lb.  of  ni- 
trogen ;  while  in  100  lb.  of  well-ix)tted  manure,  six  months  old,  he 
found  0.491  lb.  of  potash,  0.449  lb.  of  phosphoric  acid,  and  0.606 
lb.  of  nitrogen.  Hence,  to  supply  the  potash  of  the  Waldau  crops, 
some  20  or  25  tons  of  manure  would  be  needed ;  —  to  supply  the 
phosphoric  acid,  from  13  to  19  tons;  and  to  supply  the  nitrogen, 
26  or  27  tons. 

Practically,  it  was  customary  at  Waldau  to  apply  25  tons  of 
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manure  to  the  Morgen  of  land  in  the  course  of  the  ten  years,  in 
2^  instalments,  so  that  the  land  was  continually  made  richer,  both 
as  regards  potash  and  phosphoric  acid,  while  in  respect  to  nitrogen 
about  as  much  was  put  back  upon  the  land  as  was  taken  off. 

Here,  manifestly,  is  an  instance  of  the  old  custom  of  using 
enough  stable-manure  to  supply  the  crops  with  the  nitrogen  they 
need,  as  well  as  with  ash-ingredients,  and  the  figures  just  given 
well  illustrate  the  unreasonableness  of  pushing  this  practice  to 
such  an  extreme,  after  the  land  has  once  become  fully  charged  or 
saturated  with  manure. 

Wherever  such  large  quantities  of  manure  as  the  foregoing  are 
applied  to  land,  the  influence  of  the  fertilization  may  be  felt  even 
after  many  years.  It  has  been  shown  by  the  experiments  of  Lawes 
and  Gilbert,  even  more  conspicuously  than  by  the  observations  of 
numberless  farmers,  that  the  accumulation  of  unexhausted  fertility 
may  be  very  large  when  manure  is  applied  frequently  and  in  excess 
of  the  needs  of  the  current  crops.  In  some  cases,  many  years  of 
cropping  would  be  required  in  order  to  remove  the  excess  of  plant- 
food  thus  accumulated. 

After  having  applied  farmyard-manure  to  a  barley-field  during 
20  years  in  succession,  at  the  rate  of  14  long  tons  to  the  acre, 
Lawes  and  Gilbert  divided  the  field  into  two,  and  they  continued 
to  apply  the  manure,  as  before,  to  one  half  of  the  land,  while  no 
manure  was  put  upon  the  other  half.  Meanwhile,  barley  was 
grown  continually  upon  both  the  fields,  as  before,  and  it  appeared 
that  every  year,  during  the  next  twelve  years,  the  unmanured 
crops  of  barley  averaged  84.5  bushels  to  the  acre.  The  last  of 
these  crops,  grown  in  a  rather  favorable  season,  exceeded  35 
bushels,  whence  the  inference  that  a  long  series  of  years  must 
elapse  before  the  fertility  imparted  by  the  manurings  of  the  20 
years  would  be  wholly  exhausted.  Marshall  has  mentioned  an 
instance  in  which  tiie  effect  of  dung  that  had  been  applied  to  the 
soil  of  the  Cots  wold  hills  in  England  lasted  nearly  50  years. 

It  will  be  noticed,  that  no  account  is  here  taken  of  the  natural 
waste  of  nitrogen  from  land  that  is  under  tillage.  But  it  is  now 
known  that,  while  the  potash  and  the  phosphoric  acid  in  manures 
are  fixed  in  the  earth  by  combining  with  silicates,  humates,  and 
oxides  which  they  find  there,  much  of  the  nitrogen  is  not  thus  held, 
but  tends  to  waste  away  slowly  by  being  converted  to  nitrates, 
which  are  leached  out  by  rain  and  carried  off  in  the  drain-water. 
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Of  course  it  must  have  happened  in  these  instances,  as  in  ordi- 
nary farm  experience,  that  not  all  the  nitrogen  actually  carried  off 
by  the  crops  came  from  the  manure.  Some  of  it  must  have  been 
derived  from  the  humus  of  the  soil,  and  another  portion  doubtless 
had  been  obtained  from  the  air  by  the  leguminous  crops  which 
were  grown  occasionally  in  the  rotations.  * 
Preservation  of  Manure. 

The  questions  are  now  fairly  in  order.  What  does  chemistry 
teach  as  to  the  best  means  of  preserving  animal  excrements,  and  of 
applying  them  to  the  soil?  These  questions,  it  will  be  noticed,  in- 
clude a  multitude  of  other  questions  which  have  been  much  dis- 
puted ;  such  as, — 

Should  manure  be  ploughed  in  long  or  short?  that  is  to  say, 
should  it  be  applied  fresh  or  after  fermentation? 

Should  manure  be  kept  moist  or  dry  ?  housed,  or  out  in  the  air  ? 
in  heaps,  or  in  pits?  firmly  trodden,  or  loose? 

Should  it  be  composted,  or  kept  by  itself? 

Should  it  be  spread  upon  land  as  a  top-dressing,  or  be  ploughed 
in?     And  if  it  be  ploughed  in,  how  deep  should  it  be  buried? 

Then  again,  at  what  time  of  year  should  manure  be  put  upon 
the  land? 

And  to  what  kinds  of  crops  may  it  well  be  applied  directly? 

How  much  shall  be  applied  and  how  often  ? 

And  so  on. 

The  question  of  preserving  manure  is  not  a  little  complicated  by 
the  fact  that  each  kind  of  dung  ferments  in  its  own  special  way,  so 
that  a  method  which  might  be  peculiarly  well  adapted  for  preserv- 
ing one  kind  of  manure  need  not  necessarily  be  suited  for  preserv- 
ing another  kind. 

To  take  an  extreme  case,  for  the  sake  of  enforcing  this  point,  it 
may  be  said  that  fresh  human  excrements  are  doubtless  more  val- 
uable as  a  manure  upon  fertile  soils  than  any  other  kind  of  dung ; 
but  it  is  exceedingly  difficult  to  preserve  them.  The  night-soil  of 
cities  is  in  no  sense  comparable  as  a  manure  with  fresh  excrements, 
and  the  various  poudrettes,  ta-feus,  and  other  products  prepared 
from  night-soil,  are  comparatively  speaking  worthless ;  that  is  to 
say,  very  much  better  and  more  powerful  manures  can  readily  be 
bought  nowadays  for  much  less  money. 

The  trouble  is,  that  the  nitrogenized  constituents  of  human  ex- 
crements are  of  such  character  that  they  begin  to  ferment,  putrefy, 
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and  Bpoil  rather  more  rapidly  than  so  much  flesh  would ;  and  it 
happens  that  during  this  process  of  fermentation  the  best  part  of 
the  manure  goes  off  in  the  form  of  gas. 

Earth  as  a  Preservative. 

The  thought  lies  near  at  hand  that  the  excessive  power,  so  to 
say,  of  dung  so  strong  as  that  just  mentioned  needs  to  be  con- 
trolled. Hence  the  idea,  that  if  the  dung  were  weakened  or  di- 
luted by  mixing  it  with  inert  mattere,  or  with  those  that  arc  less 
putrescible  than  itself,  the  tendency  towards  destruction  might  be 
diminished.  There  can  be  no  doubt  that  this  conception  is  one  of 
great  value,  though  it  is  subject  to  limitations  and  has  often  enough 
been  misunderstood.  Care  must  be  taken  that  the  earth  or  other 
diluent  shall  be  used  in  such  manner  that  air  cannot  gain  too  easy 
access  to  the  manure  and  that  the  heaps  may  be  kept  somewhat 
compact  and  moist.  It  is  known  nowadays  that  one  quick  way  of 
dissipating  flesh  is  to  bury  it  in  a  layer  of  charcoal  or  di-y  earth  to 
which  air  has  access ;  and  it  is  but  natural  to  suppose  that  dung 
rich  in  the  constituents  of  flesh  will  behave  something  like  flesh 
when  exposed  to  similar  conditions.  Upon  this  point  more  will 
need  to  be  said  under  the  head  of  Composts. 
Preservation  by  Drying. 

Theoretically,  perhaps,  the  most  effective  way  of  preserving  hu- 
man excrements  would  be  to  dry  them  rapidly,  and  to  pack  the 
compressed  residue  in  tight,  dry  parcels,  together  with  a  little  salt 
or  other  preservative ;  and  a  precisely  similar  remark  would  apply 
to  other  kinds  of  dung,  though  to  few  of  them  so  strongly. 

According  to  the  analysis  of  Way,  the  solid  part  of  human  excre- 
ment would  contain  when  thus  dried  some  6  %  of  nitrogen,  4  J  %  of 
phosphoric  acid,  and  rather  more  than  1  %  of  potash;  that  is  to 
say,  two  tons  of  the  dry  material  would  be  worth  about  as  much 
as  one  ton  of  good  Peruvian  guano. 

Dried  human  urine  would  contain  some  19^  %  of  nitrogen,  4^  ^ 
of  phosphoric  acid,  and  5  ^  of  potash. 

But  this  supposed  method  of  preservation  is  impossible  under 
the  conditions  of  labor  and  climate  in  which  we  live.  As  things 
are  now,  it  costs  very  much  less  to  import  guano  and  potash,  or  to 
make  superphosphate,  than  it  would  cost  to  dry  the  manure.  It 
has  been  noticed  withal  by  Pf eiffer  and  by  Stutzer  in  respect  to 
dung,  and  by  S.  W.  Johnson  as  regards  fish-scrap,  that  drying  may 
impair  the  fertilizing  power  of  the  materials.     At  all  events  they 
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found  that  less  nitrogen  could  be  dissolved  from  dried  horse-dung 
and  cow-dung  and  from  dried  fish  than  from  the  fresh  materials 
when  they  were  subjected  to  the  process  of  artificial  digestion  de- 
scribed on  a  previous  page. 

Drying  being  out  of  the  question,  some  other  method  of  pre- 
venting or  of  hindering  fermentation  must  be  looked  for ;  but  it  is 
hard  to  say  which  method,  among  those  that  are  possible,  would 
theoretically  be  the  best ;  for  the  problem  is  an  extremely  com- 
plex one,  and  the  intrinsically  low  value  of  the  material  forbids  the 
expenditure  either  of  much  labor  or  of  money  for  buying  and 
applying  preservative  agents. 

Preservation  by  Compression  in  Pits, 

In  all  human  probability,  however,  some  system  of  what  may 
fairly  enough  be  called  ensilaging  the  dung  would  come  nearest  to 
perfection ;  that  is  to  say,  some  method  of  compressing  the  fresh 
manure  in  pits,  and  covering  it  up  with  weighted  boards  or  with 
earth  in  such  wise  that  air  could  not  gain  access  to  it.  Practically 
this  thing  is  done  not  infrequently  —  in  a  veij  crude  and  incom- 
plete way,  indeed  —  as  regards  cow-dung  which  is  kept  undis- 
turbed in  barn  cellars  in  cold  weather ;  for  the  portions  of  dung 
first  thrown  into  the  cellar  are  so  covered  and  compressed  by  the 
dung  which  is  subsequently  thrown  upon  them  that  some  parts  of 
the  heap  are  often  found  to  be  in  tolerably  fresh  condition  long 
after  the  dung  was  voided. 

Hot  Fermentation  and  Leaching  are  Bad. 

Of  course  every  farmer  knows,  though  not  a  few  of  them  act  as 
if  they  did  not,  that  mere  dung  and  urine  should  neither  be  allowed 
to  become  heated  unduly  nor  to  be  leached  by  rain.  Even  heaps 
of  dung  that  is  admixed  with  straw  or  other  litter,  if  exposed  to 
hot  summer  sunshine,  would  be  liable  to  be  heated  and  dried  im- 
properly, and  to  suffer  fermentations  such  as  might  cause  great 
loss  of  the  nitrogenous  constituents  of  the  manure.  Many  persons 
have  urged  that,  in  order  to  hinder  this  excessive  action,  it  is  well 
to  keep  dung  in  shady  places.  In  the  North  of  France  rows  of 
elms  are  often  planted  expressly  to  shade  the  dung-heaps. 

But  beside  the  sun's  heat  in  summer  there  is  the  rain  thrown 
from  farm-buildings  which  needs  to  be  guarded  against.  In  New 
England,  this  country  of  heavy  showers  and  costly  straw,  it  might 
well  be  asked  whether  some  kinds  of  manure  should  not  in  general 
be  carefully  protected  from  rain.     There  have  been  those  among 


264  AGEICULTUBE. 

US  who  claimed  that  manure  should  be  thus  protected  almost  as 
carefully  as  if  it  were  hay. 

Dung-Slieds  and  Cellars, 

At  one  time  or  another  some  good  farmers,  in  order  to  avoid 
the  effects  of  sun  and  rain,  have  had  rough  sheds  built  on  purpose 
to  shield  their  heaps  of  manure.  It  is  not  a  little  doubtful  whether 
such  sheds  can  ever  have  repaid  the  cost  of  erecting  them,  but  the 
idea  of  having  dung-sheds  is  instructive,  since  whatever  advan- 
tages such  sheds  may  possess  must  plainly  be  shared  by  the  bam 
cellars  in  which  manure  is  very  commonly  kept  in  New  England. 
In  these  cellars  the  manure  is  protected  from  rain,  and  sun,  and 
frost,  and  wind,  at  the  same  time  that  it  is  kept  moderately  moist 
and  in  a  condition  of  slow  and  equable  decomposition.  Generally 
speaking,  the  manure  is  subjected  also  to  a  considerable  amount 
of  admixture  and  compression  by  means  of  hogs  that  are  allowed 
to  run  upon  it.  In  a  mere  shed,  it  would  manifestly  be  much  less 
easy  to  keep  the  dung  in  such  excellent  condition,  or  to  prevent 
it  from  drying  out  unduly  in  hot  or  windy  weather. 

There  is  one  objection  to  the  alternate  wetting  and  drying  of 
manure  that  would  count  against  the  use  of  airy  sheds,  while  it 
would  be  avoided  in  cellars;  viz.,  that  noteworthy  quantities  of 
carbonate  of  ammonia  may  be  carried  off  by  the  vapor  of  water 
as  it  evaporates  from  a  manure- heap  or  from  a  barnyard  pool.  In 
experimenting  upon  manures,  whether  comparatively  fresh  or  rot- 
ted, for  the  purpose  of  determining  how  much  moisture  is  con- 
tained in  them,  chemists  have  repeatedly  observed  that  a  very 
considerable  loss  of  ammonia  is  apt  to  occur  during  the  process  of 
drying.  The  ammonium  carbonate  is  lifted  as  it  were  and  carried 
off  by  the  aqueous  vapor. 

In  general,  it  may  be  said,  in  so  far  as  mere  rain  is  concerned, 
that  there  is  no  real  need  of  keeping  manure  under  cover.  Any 
water  which  may  fall  directly  upon  a  manure-heap,  in  the  form  of 
rain,  is  not  likely  to  do  any  serious  harm,  while  such  water  may 
be  highly  useful  in  summer.  But  an  excess  of  water  should  be 
avoided,  and  that  which  runs  off  from  the  roof  of  the  barn  or 
stable  should  be  led  away  through  gutters,  and  should  not  be  al- 
lowed to  fall  into  the  barnyard.  Something  may  here  be  said  in 
favor  of  the  old  New  England  winter  practice  of  throwing  out 
heaps  of  dung  upon  the  north  side  of  the  barn,  thei-e  to  freeze  into 
solid,  stonelike  masses,  for  it  is  evident  that  while  thus  frozen 
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the  manure  can  suffer  no  loss  of  nitrogenous  mattera  by  way  of 
fermentation. 

The  keeping  of  swine  upon  stable-manure  ''to  work  it  over," 
as  the  saying  goes,  is  really  a  point  of  no  small  importance,  both 
for  the  preservation  of  the  chemical  constituents  of  the  dung  and 
urine,  and  for  improving  the  mechanical  condition  of  the  manure. 
The  rooting  of  the  swine  is  an  effective  means  both  of  mixing  the 
hot  horse-manure  with  the  cold  cow-manure,  to  the  manifest  ad- 
vantage of  each,  and  of  commingling  them  with  whatever  of  straw, 
or  leaves,  or  weeds,  or  peat,  may  have  been  used  either  as  bed- 
ding, or  have  been  added  directly  to  the  manure  for  purposes  of 
absorption  or  of  composting.  The  product  obtained  in  this  way 
is  particularly  easy  of  application  to  the  fields,  for  it  admits  of 
even  distribution  and  of  being  thoroughly  mixed  with  the  soil. 
There  can  be  little  doubt  that  hogs  pick  up  and  digest  many  seeds 
of  weeds  which  the  manure  contained,  or  that  some  weed-seeds 
are  destroyed  by  decay  in  manure  upon  which  hogs  have  worked. 
Litter  may  preserve  Manure, 

Several  of  the  methods  of  preserving  manure  which  are  actually 
employed  by  farmers  commend  themselves  from  the  chemical  point 
of  view.  Thus  the  method  in  ordinary  use  in  Massachusetts, 
when  cows  are  kept  in  stall  during  the  winter,  of  using  as  bedding 
enough  straw,  or  leaves,  or  dry  peat,  to  absorb  and  hold  the  urine 
that  comes  from  the  cattle,  and  keeping  the  product  stored  in  cool 
cellars,  as  has  been  said. 

The  old  German  writer  Block  was  strongly  in  favor  of  using 
mixtures  of  straw  and  loam  for  bedding  neat  cattle,  as  a  means  of 
improving  their  manure.  He  urged  that,  by  means  of  alternate 
layers  of  straw  or  other  litter  and  earth  added  fresh  every  day 
to  avoid  balling  and  impaction,  the  dung  and  urine  may  be  ab- 
sorbed and  preserved  most  completely,  i.  e.  with  the  least  amount 
of  loss. 

Several  other  practical  men  have  maintained  that  the  addition  of 
half  a  cubic  foot  of  loam  per  head  and  day  to  the  straw  is  advan- 
tageous. So  too,  the  use  of  loam  to  supplement  straw  has  not 
infrequently  been  regarded  as  a  resource  in  cases  where  not  enough 
straw  could  be  procured  for  properly  bedding  the  animals.  Thus, 
when  no  more  than  3  or  4  lb.  of  straw  per  head  and  day  can  be 
provided,  the  deficiency  may  be  made  good  with  IJ  to  1^  cubic 
feet  of  earth.     Similar  quantities  of  loam  have  been  used  also, 
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together  with  6  or  8  lb.  of  straw,  in  cases  where  the  food  of  the 
animals  happened  to  be  specially  watery,  even  on  farms  where 
straw  was  to  be  had  in  tolerable  abundance. 

Antiquity  of  Loam-bedding, 

It  should  be  said  that  the  use  of  loam  for  bedding  animals,  and 
as  a  means  of  preserving  and  augmenting  manure,  is  a  veiy  old 
agricultural  practice,  which  is  still  retained  by  some  primitive  peo- 
ples. Thus,  on  the  Shetland  and  Orkney  islands,  the  cottagers 
are  still  accustomed  to  scrape,  from  the  outlying  hills  and  sheep- 
walks,  the  scanty  coating  of  sods  and  loam,  and  to  use  this  ma- 
terial for  bedding  their  cows  in  winter.  Layers  of  the  earth  — 
together  with  the  broken,  small  dry  sods,  and  heather  which  has 
been  mown  for  the  purpose  —  are  spread  evenly  every  few  days 
upon  the  floor  of  the  cow-house,  until  the  place  is  so  full  that  the 
cattle  have  barely  room  to  stand  under  the  roof,  when  the  whole  of 
the  compost  is  thrown  out.  It  is  said  that  the  earth  sei*ves  an  ex- 
cellent purpose  as  a  deodorizer  and  as  an  absorbent  of  the  urine, 
and  that  the  manure  obtained  is  of  excellent  quality.  The  sys- 
tem is  highly  objectionable,  however,  in  that  it  tends  to  reduce 
large  tracts  of  land  to  a  condition  of  barrenness.  The  places 
from  which  the  loam  has  been  removed  are  left  so  bare  and  useless 
that  the  land  is  practically  destroyed. 

Even  sea-sand  is  used  in  some  places  for  bedding  animals, 
without  any  addition  of  straw  or  other  matters.  For  example,  at 
Yarmouth,  in  England,  in  1780,  ''The  practice  has  been  in  use 
from  time  immemorial  of  littering  stables  with  sea-sand  instead 
of  straw.  As  the  bed  becomes  soiled  or  wet,  fresh  sand  is  scat- 
tered on,  until  the  whole  is  in  a  degree  saturated  with  dung  and 
urine.  The  stall  is  then  cleared  and  a  fresh  bed  of  sand  laid  in. 
By  this  means,  manure  of  a  quality  singularly  excellent  is  pro- 
duced. It  is  fetched  by  farmers  to  a  very  great  distance." 
(Marshall.) 

In  experiments  made  by  Muntz  and  Girard,  relating  to  the  large 
loss  of  nitrogen,  due  to  ammoniacal  fermentation,  from  recently 
voided  manure  as  it  lies  in  the  stable  under  the  feet  of  auimals,  it 
was  found  that  the  waste  of  nitrogen  could  be  much  lessened  by 
means  of  peat  and  of  loam  rich  in  humus.  Loam  was  found  to 
be  a  very  efficacious  preservative,  since  it  reduced  the  loss  of  am- 
monia to  the  extent  of  50  per  cent.  The  loam  promoted  nitrifica- 
tion also.     Straw,  by  itself,  no  matter  how  much  of  it  was  used, 
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did  not  wholly  prevent  the  loss  of  ammonia,  and  peat  was  not  en- 
tirely satisfactory,  though  it  was  more  efficient  than  straw.  Mix- 
tures of  straw  and  peat,  or  of  straw  and  loam  rich  in  humus,  would 
be  commendable  were  it  not  for  the  cost  of  the  labor  involved  in 
collecting,  storing,  and  handling  the  loam. 

The  merit  of  using  absorbents,  proper  to  retain  the  liquid  part 
of  the  manure,  is  illustrated  by  obseiTations  which  have  been  made 
as  to  the  condition  of  the  soil  beneath  dung-pits,  and  as  to  the 
depth  to  which  dung-liquor  may  soak  beneath  such  receptacles. 
Heiden  found,  beneath  a  paved  cow- stall,  that  the  earth,  even  to 
a  depth  of  nearly  six  feet,  was  wellnigh  saturated  with  dung-liquor ; 
and  Ritthausen,  on  analyzing  a  loamy  soil  taken  at  a  depth  of  3 
feet  beneath  a  dung-yard,  found  that  the  earth  contained  0.5  ^ 
of  phosphoric  acid  and  0.7  %  of  potash.  On  being  exposed  for 
some  time  to  the  air,  this  earth  took  on  the  blue  color  of  phosphate 
of  iron. 

Urine  may  be  Excessive, 

In  general,  it  may  be  said  that  the  question  of  absorbing  urine 
is  far  from  simple  in  all  cases  where  animals  are  fed  upon  watery 
foods,  as  when  cows  are  kept  upon  the  liquid  slop  from  potato 
distilleries,  as  is  the  case  in  many  parts  of  Europe,  or  when  cattle 
get  large  quantities  of  beet-pulp  or  turnips.  Much  urine  may  be 
produced,  also,  when  cows  are  kept  up  in  summer,  and  fed  with 
mown  clover  or  corn-sprouts  and  other  juicy  green  foods. 

For  the  sake  of  thoroughly  absorbing  the  liquid  manure,  and  for 
convenience,  also,  several  European  writers  have  recommended 
that,  when  steam  or  water-power  are  available,  the  straw  should 
be  cut  to  foot  lengths  before  using  it  for  bedding  animals.  The 
point  is  one  of  some  interest,  as  tending  to  enforce  the  merit  of 
leaves  for  this  purpose.  One  method  of  using  cut  straw  has  been 
described  as  follows. 

The  animals  are  bedded,  at  the  rate  of  7  lb.  per  head  and  per 
day,  with  straw  chopped  into  pieces  2  or  3  inches  long.  Behind 
the  animals  is  a  trough  9  inches  deep  and  16  inches  wide,  which 
receives  the  excrements  and  the  bedding  of  24  hours.  Once  a  day 
the  contents  of  this  trough  are  thrown  out,  and  the  dung  and  litter 
are  scraped  from  beneath  the  animals  and  trodden  into  the  trough, 
there  to  absorb  the  urine  of  the  next  day.  It  is  said  that,  even 
when  the  animals  are  fed  with  distillery  slop,  none  of  the  liquid 
excrement  escapes  absorption. 
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Manure  thus  prepared  is  remarkably  homogeneous,  and  so 
evenly  saturated  with  moisture  that  it  packs  itself  firmly  in  the 
dung-heap,  and  *•  ^  keeps  "  admirably.  On  inspecting  such  a  heap 
at  the  end  of  5  months  (June  to  December) ,  it  appeared  that  de- 
composition had  hardly  begun.  Such  manure  is  naturally  ^^  short," 
and  easy  to  handle.  It  can  be  hauled  out  and  worked  into  the 
land  at  any  moment,  without  need  of  ever  being  forked  over.  On 
testing  the  absorptive  power  of  chopped  straw,  of  different  kinds, 
Marek  found  that  from  5  to  20  ^  more  water  was  absorbed  by  it 
than  by  long  straw.  The  greatest  gain  was  got  with  the  straw  of 
spring  rye,  and  the  least  with  that  of  spring  wheat. 
Wet  Fermentation  of  Manure, 

One  plan  for  preventing  the  waste  of  liquid  manure  is  to  dig  a 
hole  outside  the  barnyard  to  receive  the  drainage,  and  to  throw 
into  this  hole  all  sorts  of  rubbish  that  is  capable  of  absorbing 
liquids. 

Commonly,  however,  when  cows  are  fed  with  watery  foods,  so 
much  liquid  excrement  is  produced  that  special  pits  or  cisterns  have 
to  be  provided,  from  which  the  excess  of  liquid  may  be  pumped  up 
from  time  io  time  to  drench  the  solid  matter,  or  to  be  carted  into 
the  fields  for  use  as  liquid  manure. 

Muntz  and  Girard,  in  their  experiments  on  the  waste  of  nitrogen 
from  manure,  found  that  less  of  it  was  lost  when  peat  or  loam 
were  used  than  when  the  animals  were  bedded  with  straw.  Thus, 
in  2  stables,  each  of  which  contained  16  horses,  64  %  of  the  nitro- 
gen in  the  food  was  not  recovered  in  the  manure  when  straw  was 
used  for  bedding,  while  the  loss  of  nitrogen  was  only  48  ^  when 
the  horses  were  bedded  with  peat.  In  2  sheep-staUs,  each  of 
which  held  25  of  the  animals,  the  loss  of  nitrogen  was  as  fol- 
lows :  — 

Straw  bedding 60  %  of  the  N  In  the  food  was  lost. 

Loam        "         26%    **         "  "  «• 

Straw  and  copperas    ...  48  %    "         "  «•  •« 

Straw  and  gypsum      ...  46  %    "         "  "  " 

It  is  noticeable  that  manure  thus  drenched  with  liquid,  especially 
if  it  be  kept  in  large  heaps  or  in  deep  pits,  appears  to  ferment  more 
thoroughly  and  in  a  somewhat  different  way  from  that  which  is  less 
perfectly  moistened.  It  becomes  very  dark-colored,  or  even  black, 
and  acquires  a  highly  offensive  odor,  while  the  straw  in  it  loses  its 
consistency  and  becomes  soft  and  incoherent.     It  is  to  be  pre- 
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sumed  that  the  alkaline  dung-liquor  acts  not  only  to  disBolve  some 
of  the  components  of  the  straw,  and  serves  to  prevent  the  manure 
from  becoming  acid,  but  that  the  micro-organisms  in  the  liquid  are 
fresh  and  vigorous,  and  that  they  quickly  excite  fermentation  in 
each  new  addition  of  the  mixed  straw  and  dung,  and  act  to  de- 
stroy many  seeds  of  weeds,  also,  which  become  involved  in  the 
process  of  decomposition.  Sulphuretted  hydrogen,  sulphides,  and 
doubtless  other  products  of  reduction,  are  formed  in  such  manure 
through  the  decay  of  the  organic  matters,  much  as  they  are  formed 
beneath  the  surface  soil  of  a  stagnant  marsh ;  and  it  is  plain  that 
the  f  ei^nentation  is  not  of  a  kind  either  to  cause  anunonia  to  be 
evolved  or  nitrates  to  be  formed. 

Moreover,  in  view  of  the  well-known  fact  that  many  of  the 
bacteria  which  take  part  in  the  production  of  sulphuretted  hy- 
drogen, during  the  putrefaction  of  albuminous  matters,  cannot 
themselves  support  the  presence  of  any  lai^e  proportion  of  this 
substance,  it  is  to  be  presumed  that  the  quick  fermentation  of  the 
newly  added  straw  and  dung,  at  the  top  of  the  heap,  must  soon 
be  checked  when  sulphides  accumulate  in  it.  It  is  not  improb- 
able that  at  the  middle  of  an  old  heap  of  such  manure  there  may 
be  but  little  fermentation  of  any  kind  and  hardly  any  waste  of 
material. 

This  putrid  manure  is  of  excellent  quality.  It  is  highly  es- 
teemed on  the  Continent  of  Europe,  where  it  has  long  been  cus- 
tomary to  prepare  it.  When  forked  out  it  emits  a  highly  offensive 
odor,  due  in  some  part  to  the  presence  of  ammonium  sulphide 
which  has  been  formed  by  the  reduction  of  sulphates  in  the  ma- 
nure during  the  process  of  fermentation.  Boussingault  has  re- 
marked of  this  kind  of  manure  that  he  could  always  tell,  by  the 
odor  of  sulphides,  when  farm-manure  had  been  properly  prepared. 
In  his  opinion,  these  products  of  reduction  can  do  no  harm  to 
vegetation,  because  they  change  rapidly  to  sulphates  as  soon  as 
the  manure  has  been  spread  upon  the  land.  But  an  observer  in 
Holstein  has  recently  insisted  that  substances  injurious  to  plants 
do  exist  in  the  putrid  manure  from  deep  pits,  and  he  urges  that  it 
should  on  this  account  be  spread  and  left  to  lie  upon  the  land  for 
3  or  4  weeks  before  the  time  of  sowing  or  planting.  One  advan- 
tage to  be  credited  to  manure  that  has  rotted  in  the  deep  pits  is 
that  some  of  the  seeds  of  weeds  which  were  contained  in  the 
litter,  as  well  as  those  which  have  passed  undigested  through  the 
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bodies  of  the  anltnals,  may  perhaps  be  destroyed  by  the  long-con- 
tinued soaking  and  the  putrefactive  influences  to  which  such  ma- 
nure has  necessarily  been  subjected. 

As  regards  the  liquid  which  collects  in  the  cisterns  above  men- 
tioned, it  is  notorious  that  the  quality  of  it  is  apt  to  deteriorate 
rapidly  in  these  receptacles ;  and  it  is  plain  why  it  should  do  so, 
for  the  nitrogenous  components  of  urine,  viz.  urea,  uric  acid,  and 
hippuric  acid,  are  precisely  those  constituents  of  animal  secretions 
which  decompose  the  first  and  the  easiest.  The  nitrogenous  mat- 
ters in  dung  proper  are  far  less  prone  to  decomposition. 

These  cisterns,  it  may  be  said  in  passing,  are  hardly  to  be  com- 
mended for  our  American  conditions  unless  indeed  the  farmer  is  a 
gardener  also.  The  mere  farmer  would  probably  find  the  cost  of 
building  and  using  such  cisterns  to  be  larger  than  the  gain  from 
them. 

AmourU  of  Litter  needed. 

The  statements  of  practical  men  vary  widely  as  to  the  number 
of  pounds  of  bedding  required  daily  by  neat  cattle.  In  fact  the 
amount  needed  will  necessarily  vary  accordingly  as  the  food  is 
more  or  less  watery,  and  more  or  less  highly  nitix>genized.  Inas- 
much as  the  chief  function  of  the  kidneys  is  to  remove  waste  ni- 
trogenous matters  which  have  been  formed  within  the  bodies  of 
animals,  it  is  but  natural  that  the  formation  of  a  larger  quantity  of 
urea  within  the  animal  should  increase  the  flow  of  urine.  Urea  is 
in  fact  known  to  be  a  powerful  diuretic  agent,  when  administered 
as  such. 

It  is  evident  enough,  for  that  matter,  that  vastly  more  litter  will 
be  needed  by  cattle  fed  with  distillery  slop  —  which  is  at  once 
very  watery  and  highly  nitrogenous  —  than  would  be  suflScient  for 
animals  fed  upon  hay  and  grain.  The  old  German  authorities 
speak  of  8,  9,  and  10  lb.  of  straw  for  each  cow  or  ox,  and  few  of 
them  recommend  so  little  as  5  lb.  in  summer  and  7  lb.  in  winter. 
Heiden  has  suggested,  as  a  general  rule,  that  an  amount  of  litter 
equal  to  one- third  the  weight  of  the  dry  matter  in  the  fodder  actu- 
ally eaten  will  be  sufficient. 

Absorptive  Power  of  Strawy  etc. 

Some  experiments  may  here  be  cited  which  were  made  by 
Heiden  to  determine  the  power  of  straw  to  absorb  and  hold  water. 
Small,  compact,  weighed  bundles  of  the  straws  —  which  contained 
respectively  in  the  air-dried  condition  13.4  %,  13.3  ^,  14.8  ^, 
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and  15.1  %  of  moistare  —  were  sunk  in  water  so  as  to  be  com- 
pletely covered.  After  the  lapse  of  24  hours,  they  were  taken 
from  the  water  and  set  standing  in  an  upright  position  for  half  an 
hour,  and  they  were  afterwards  left  lying  for  an  hour  and  a  half, 
in  order  that  the  excess  of  water  might  drain  off  from  them.  They 
were  then  weighed,  and  again  at  intervals,  after  time  had  been 
allowed  for  some  of  the  water  to  evaporate.  The  results  of  these 
trials  are  given  in  the  table :  — 

Wheat  Strsw.  RyeStnw.  OatStnw.  Pea  Straw. 

%  %  %  % 

Water  absorbed  in  24  hours       .    225.8  241.4  213.6  280.9 
Water  evaporated  from  the  wet  straw 

In      2  hours 12.6  11.0  6.0  8.4 

Next  2    "         6.8  3.6  4.3  12.7 

<'  16    «         18.9  35.4  14.5  32.3 

"    4    "         6.3  2.2  8.8  8.7 

"    4     "         1.1  8.8  2.9  7.5 

"  16    "         10.5  12.2  *      9.5  22.6 

Id  the  44  hours 55.0  67.7  40.0  92.2 

Water  retained  after  44  hours  .     170.8  173.7  173.6         188.7 

Another  bundle  of  wheat  straw,  on  being  left  to  soak  for  48 
hours,  instead  of  24,  took  up  nearly  22  ^  more  water.  That  is 
to  say,  in  the  course  of  48  hours,  the  straw  absorbed  247.6  ^  of 
water,  of  which  amount  18.7  ^  were  given  off  during  the  first  6 
hours,  and  28  %  during  the  next  18  hours,  or  46.7  %  in  24  hours ; 
so  that  200.9  ^  of  water  was  still  retained  by  the  straw  even 
after  24  hours'  exposure  to  the  air. 

Autumn  leaves  as  raked  from  woodland  can  absorb  consider- 
ably more  water  than  straw,  though  they  absorb  it  in  a  different 
way  and  are  generaUy  inferior  to  straw  for  bedding  animals,  un- 
less indeed  they  are  used  in  conjunction  with  straw,  i.  e.  as  a 
layer  beneath  it.  According  to  Krutzsche,  beech-leaves  can  ab- 
sorb 442  ^  of  water,  pine-needles  309  %,  and  spmce-needles 
221  %. 

Breitenlohner  also  has  experimented,  though  much  less  carefully 
than  Heiden,  to  test  the  absorptive  power  of  different  kinds  of 
litter.  He  left  the  materials  to  soak  for  a  week  with  a  given 
weight  of  dung-liquor.  The  straws  were  cut  into  short  lengths, 
and  so  were  the  evergreen  boughs  and  the  heath-litter.  The  kaf- 
rakings  were  dry  enough  to  be  somewhat  crumbly,  and  the  peats 
were  reduced  to  coarse  powder.   Most  of  the  materials  were  more 
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or  less  air-dried.     The  results  of   these  trials  are  given  in  the 

f  oUowing  table  :  —  Moisture  in  the       1,000  lb.  of       Wt.  of  Liquor 

Litter  ex^Ued     the  Litter  ap-    absorbed,  if  thai 
at  212°.        sorbs  Pounds  of      taken  by  the 
%  Dnng^Liqaor.     Fir-Twigs  a  100. 

Bye-Straw 8.0-  3,000  1,200 

Straw  of  horse-beans    .    .    .  10.3  3,300  1,320 

Sawdust 6.6  3,571  1,428 

Heath-litter  (including  moss)  6.7  3,083            .    1,233 

Leaf-rakings 5.1  i,330  1,732 

Spent  tan-bark 5.6  2,150  860 

Flr-twlgs 61.2  250  100 

Spruce-twigs 54.2  357  143 

Peat 10.5  4,483  1,793 

Moor-earth 4.9  550     .  220 

It  will  be  noticed  that,  weight  for  weight,  the  peat  and  the 
wood-rakings  absorbed  more  liquor  than  any  of  the  other  kinds 
of  litter,  and  that  sawdust  stands  near  them,  while  rye-straw  is 
somewhat  inferior,  and  the  evergreen  twigs  are  least  absorptive 
of  aU. 

It  was  observed  in  special  trials,  that  the  moor-earth  in  partic- 
ular, and  the  peat  to  some  extent,  ^* fixed''  a  part  of  the  soluble 
constituents  of  the  dung-liquor  in  such  wise  that  those  portions  of 
liquid  which  were  not  taken  up  were  found  to  be  weaker  than  the 
original  liquor ;  whereas  the  excess  of  liquor  that  drained  away 
from  the  straws,  etc. ,  contained  a  larger  amount  of  matters  in 
solution  than  the  original  liquor  had  contained. 

In  experiments  made  by  the  Omnibus  Co.  at  Paris,  samples  of 
the  materials  were  left  to  soak  under  water  for  5  days ;  the  excess 
of  water  was  allowed  to  drain  away  and  the  amount  of  water  that 
remained  adhering  to  the  litter  was  determined  by  weighing.  It 
appeared  that  one  kilogram  of  straw  had  absorbed  4  kilos,  of 
water,  one  kilo,  of  sawdust  5  kilos,  of  water,  and  one  kilo,  of 
peat-moss  nearly  8  kilos,  of  water. 

Of  12  varieties  of  peat  examined  by  Nessler,  the  power  to  ab- 
sorb water  ranged  from  200  to  800  % ,  while  the  absorptive  power 
of  the  straw  of  summer  rye  was  315  %.  These  peats  absorbed 
from  1.37  %  to  2.53  %  of  ammonia,  also,  while  the  rye-straw  ab- 
sorbed only  0.26  %. 

Fleischer  found,  on  comparing  immature  peats,  consisting  on 
the  one  hand  of  the  fibrous  remains  of  reeds,  and  on  the  other  of 
partially  decomposed  mosses,  that  1,000  parts  of  either  of  them 
(containing  already  20  ^  of  moisture)  absorbed  from  6,300  to 
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9,300  parts  of  water,  and  from  13  to  17  parts  of  ammonium  car- 
bonate. But  the  fibrous  peats  from  reeds  were  more  valuable  than 
those  from  moss,  since  1 ,000  parts  of  the  dry  material  contained 
from  22  to  29  parts  p(  nitrogen  and  from  17  to  31  parts  of  lime, 
while  1,000  parts  of  the  mossy  peat  contained  no  more  than  9 
parts  of  niti*ogen  and  2  parts  of  lime.  Both  kinds  contained 
about  half  a  pound  of  phosphoric  acid  in  1,000  lb.  of  the  dry 
peat. 

Peterraann,  also,  has  determined  the  absorptive  power  of  sev- 
eral kinds  of  litter,  as  stated  in  the  following  table  :  — 

100  kilo,  of  wbeat-Btraw  absorb 254  litres  of  water. 

•«  «•  fern         "          " 212  " 

"  "  heath       "          •* 190     " 

"  **  woad-waxen  (genista)  ....  Ill  " 

"  "  rye-straw     r  according  to  1  .    .  389  " 

"  "  fibrous  peat  t    Fleischer    J  .    .  895  " 

"  "  "     (according  to  Wolff)  7  to  900  " 

Wollny,  with  the  view  of  comparing  equal  volumes  of  different 
kinds  of  litter  —  instead  of  equal  weights  —  packed  the  materials 
tightly  into  cubic  tin  vessels  of  8  litres  capacity,  which  he  sunk  in 
water  so  that  the  surface  of  the  litter  should  be  completely  cov- 
ered with  the  liquid.  It  was  found  that  ten  days  were  needed  for 
the  complete  saturation  of  the  materials.  He  operated  upon  wood- 
rakings,  peat>slack,  loam,  and  straws,  all  in  the  air-dried  con- 
dition, as  used  for  bedding  animals,  and  found  that  of  these 
things  peat  had  the  largest  and  sand  the  least  capacity  for  absorb- 
ing water.  Between  these  extremes,  the  other  matters  stood  in 
the  following  order:  1,  peat;  2,  loam;  3,  moss,  oak  and  beech 
leaves;  4,  pea-straw;  5,  rye-straw;  6,  pine-needles;  7,  spruce- 
needles  ;  8,  quartz  sand.  That  is  to  say,  moss,  and  oak  or  beech 
leaves  exhibited  very  nearly  equal  powers  of  absorption ;  either 
of  them  could  drink  in  about  half  as  much  water  as  peat.  Needles 
of  evergreen  trees  absorbed  less  than  the  leaves  of  hardwood  trees. 
Pea-straw  absorbed  more  than  rye-straw,  but  both  the  straws 
stood  between  oak-leaves  and  spruce-needles.  When  it  was  satu- 
rated, the  loam  held  more  water  than  wood-rakings.  As  regards 
the  loss  of  water  from  these  substances  by  evaporation,  it  appeared 
that  much  larger  amounts  went  off  in  a  given  time  from  peat  and 
loam  and  sand  than  from  the  wood-rakings.  Among  the  oi^an- 
ized  matters,  moss  exhibited  the  largest  capacity  for  evaporating 
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water;  then  came  the  straws  and  needles,  and,  finally,  the  leaves, 
which  lost  less  water  than  any  of  the  other  materials. 

Eamann  and  Kalitsch  have  experimented  with  wood-shavings  of 
various  kinds,  as  to  their  value  as  litter  for  horses  and  cattle. 
Shavings  from  soft  woods  were  found  to  have  a  larger  capacity  for 
absorbing  water  than  rye-straw,  though  a  smaller  capacity  than 
peat-moss.  Hardwood  shavings  absorbed  barely  as  much  water 
as  the  straw.  In  general,  the  shavings  were  much  cleaner  than 
peat-moss  (described  in  the  next  chapter) .  When  saturated  with 
liquid  manure,  shavings  of  fir,  pine  and  alder  decomposed  about 
as  rapidly  as  straw,  and  those  of  birch  and  beech  somewhat  less 
rapidly,  while  peat-moss  decomposed  much  more  slowly.  It  was 
observed  that  the  shavings  had  better  be  from  0.8  to  1.25  inch 
wide,  otherwise  they  are  apt  to  become  entangled  in  the  hoofs  of 
the  animals. 

Relation  of  Litter  to  Food. 

It  will  be  noticed  that  the  practical  rules  given  on  previous 
pages  apply  primarily  to  grain-growing  countries,  where  straw  is 
abundant,  and  the  converaion  of  it  to  manure  a  desideratum.  In 
New  England,  on  the  contrary,  it  might  often  be  weU  to  use  the 
least  possible  quantity  of  bedding,  or  even  none  at  all  in  some 
instances. 

For  bedding  horses,  German  writers  hold  that  from  4  to  6  lb. 
of  straw  are  needed  daily,  and  there  can  be  little  question  that  in 
this  case  the  comfort  of  the  animals  is  the  point  first  to  be  consid- 
ered ;  though  Heiden  has  argued,  even  for  horses,  that  the  chief 
purpose  of  the  bedding  is  completely  to  absorb  the  liquid  portions 
of  the  excrement.  Starting  from  this  assumption,  he  urges  that 
the  true  way  of  determining  how  much  bedding  to  use,  will  be  to 
consider  the  character  of  the  food,  and  so  employ  more  or  less 
straw,  according  as  the  food  is  more  or  less  watery.  In  the  case 
of  horses,  he  thinks  no  great  error  will  be  made  if  the  amount  of 
straw  used  for  bedding  is  equal  to  i  the  weight  of  the  food  taken 
in  its  natural  condition,  or  equal  to  i  the  weight  of  the  dry  matter 
of  the  fodder. 

It  is  more  important  for  horses,  however,  than  for  most  other 
animals,  that  they  should  be  abundantly  bedded  by  night,  in  order 
that  they  may  rest  comfoi*tably ;  and  that  their  stalls  should  be 
cleaned  out  thoroughly  and  often,  care  being  taken  to  remove,  as 
completely  as  may  be  possible,  the  urine  and  the  straw  moist  with 
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urine.    It  is  important  both  to  avoid  the  fumes  of  ammonia  that 
are  generated  by  the  putrefaction  of  urine,  and  to  hold  in  check 
the  multiplication  of  various  microscopic  oi^anisms,  hurtful  to  the 
hoofs  of  the  animals,  which  are  apt  to  thrive  in  putrid  litter. 
Practical  Methods  of  Preserving  Manure, 

The  old  Roman  writers  on  agriculture  recommended  that  the 
dung-heap  should  be  kept  in  the  open  air,  in  a  spot  deep  sunk  and 
well  adapted  to  receive  moisture,  and  that  it  should  be  covered 
with  straw,  that  it  may  not  be  dried  up  by  the  sun.  In  a  similar 
sense,  a  recent  French  writer  has  laid  down  rules  for  the  presei-va- 
tion  of  manure,  in  the  following  terms  :  The  dung-heap  should  be 
shielded  from  sun  and  excessive  rain.  The  fermentation  of  the 
heap  should  be  moderated  by  means  of  admixtures  of  loam  or 
some  similar  material.  The  heap  should  be  kept  moderately  moist. 
Fresh  dung  should  not  be  mixed  with  old. 

So  far  as  the  mere  preservation  of  the  manure  is  concerned,  it 
would  be  hard  to  improve  upon  the  practice  of  certain  grain-grow- 
ing countries,  such,  for  example,  as  Upper  Lusatia,  one  of  the 
provinces  of  Saxony,  where  the  dung  and  litter  are  allowed  to  ac- 
cumulate in  thick  layers  in  the  stalls,  directly  beneath  the  cattle, 
and  in  contact  with  their  bodies.  The  animals  are  bedded  heavily 
with  straw  two  or  three  times  a  day,  and  the  mixture  of  straw  and 
dung  beneath  them  is  pushed  forward  and  made  level  as  often  as 
may  be  necessary  for  their  comfort.  The  feeding-troughs  are 
made  to  slip  on  the  stanchions,  and  they  are  elevated  as  often  as 
may  be  requisite.  The  mixture  of  dung  and  straw  becomes  very 
firmly  compacted  by  the  weight  of  the  cattle,  and,  in  the  rather 
cool  countries  where  the  system  is  practised,  the  dung  is  main- 
tained in  a  highly  favorable  condition  of  moisture. 

The  small  amount  of  air  that  can  gain  access  to  the  interior  of 
the  mass,  and  the  even  temperature  maintained  there,  seem  to  be 
favorable  to  the  proper  fermentation  of  the  manure.  At  all  events, 
it  has  been  thoroughly  proved  that  such  manure  is  more  powerful 
than  that  thrown  out  and  left  to  ferment  in  heaps  in  the  ordinary 
way.  The  method  is  highly  esteemed  in  the  places  where  it  is 
practised,  which  are,  for  that  matter,  some  of  the  finest  farming 
regions  in  the  world.  It  is  no  uncommon  thing  to  see  a  stable  so 
arranged  that  the  impacted  manure  may  come  to  be  4  feet  or  more 
high,  —  even  7  feet  have  been  noticed,  —  and  extremely  hard  and 
firmly  compressed  before  there  is  any  need  of  bringing  in  the  carts 
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to  remove  it.  It  is  carried  directly  to  the  fields,  where  it  is  spread 
immediately,  and  ploughed  under  in  due  course. 

Manifestly,  the  stable  has  to  be  high-studded :  **  It  should  be  at 
least  17  feet  high,*'  says  one  writer,  and  some  kind  of  a  slope 
must  be  provided  for  the  cattle  to  walk  down  in  case  they  are 
ever  to  descend  from  the  bed  of  manure.  At  the  start,  an  outlet 
has  to  be  provided  for  the  excess  of  urine,  since  not  until  after 
several  weeks  have  elapsed  is  the  whole  of  the  urine  retained  by 
the  bed  of  strawy  manure.  Subsequently  all  the  urine  is  absorbed 
and  held  by  the  straw,  and  it  is  accounted  one  great  merit  of  the 
system  that  more  straw  can  be  made  into  manure  by  means  of  it 
than  in  any  other  way. 

Several  cow-stables  thus  arranged  which  I  have  myself  visited 
had  no  unpleasant  odor,  and  it  is  maintained  by  the  people  who 
practise  this  method  that  the  health  of  their  cattle  does  not  suffer. 
It  is  hard  to  understand,  however,  how  the  hoofs  of  the  animals 
can  always  escape  the  diseases  that  are  apt  to  be  caused  by  cer- 
tain microdemes  which  appear  to  harbor  in  fermenting  dung ;  and 
no  man  can  tell  without  trial  how  well  the  system  would  answer 
for  dairy  farms  in  this  country,  i.  e.  in  the  warmer  parts  of  it. 
Doubtless  it  would  sei*ve  well  enough,  however,  in  the  case  of 
fatting  cattle. 

The  practice  now  in  question  is  a  very  old  one.  It  applies  to 
the  preservation  of  moist  cow-dung  and  the  urine  of  cows.  It 
provides  for  the  thorough  absorption  of  the  urine  by  straw,  for  the 
complete  admixing  of  straw  and  dung,  and  for  the  slow,  regular 
fermentation  of  this  mixture.  MeanwhOe,  all  the  manure  is 
housed  and  completely  protected  from  the  weather.  Horsky,  on 
putting  in  practice  this  method  on  an  estate  in  Bohemia,  was  sur- 
prised at  the  great  increase  in  the  amount  of  manure  produced. 
He  says  that  from  a  given  amount  of  fodder  and  straw  he  got 
more  than  100  ^  more  manure  than  had  been  obtained  before. 
He  found,  however,  that  for  bedding  the  animals  half  as  much 
again  straw  was  expended  as  had  been  used  previously.  In 
general,  it  may  be  said  that  the  process  strongly  enforces  the  ad- 
vantages to  be  gained  by  allowing  stable-manure  to  ferment  slowly. 
It  capitally  illustrates  the  maxim  that  manure  seldom  suffers  much 
loss  so  long  as  it  is  kept  moist  and  firmly  trodden. 

A  system  analogous  to  the  foregoing  is  said  to  prevail  in  some 
parts  of  Belgium,  where  the  manure,  though  left  in  the  stable,  is 
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pushed  into  a  great  trongh  or  depression,  behind  the  standing 
room  of  the  animals,  where  it  is  much  trampled  upon.  So  too,  in 
England,  oxen  are  sometimes  fattened  in  box-stalls  provided  with 
movable  cribs,  so  arranged  that  all  the  manure  and  litter  are  left 
to  accumulate  under  the  animal  during  some  5  or  6  months. 

Several  analyses  of  manure  which  had  been  suffered  to  lie  under 
the  animals  as  above  described  have  been  given  in  the  table  of 
analyses  on  page  239.  It  may  here  be  said  that,  in  addition  to 
the  chemical  analysis,  Emmerling  subjected  samples  of  manure 
from  a  deep  stall  and  from  a  dung-heap  to  elutriation  with  water 
in  such  manner  that  each  of  the  samples  was  divided  into  3  por- 
tions, viz.  into  strawy  matter,  fine  insoluble  matter,  and  matters 
soluble  in  water.     His  results  are  given  in  the  following  table. 

One  thousand  pounds  of  the  fresh  manure  contained  :  — 
Fbom  thb  Deep  Stalii. 

strawy  Fine  Bolnble      iiv,a.i 

Matters.     InMlabto.       in  Water.     ^'"^^ 

Dry  matter Ii8  60  20  228 

Ashes 6  11  10  27 

Phosphoric  acid 0.37         0.91  0.14  1.42 

Potash 0.08         0.90  4.69  5.67 

Nitrogen  in  organic  matters .    0.88         0.67  1.90  3.46 

Nitrogen  in  ammonia 0.66  0.66 

Total  nitrogen ...  4.11 

Fbom  the  Duko-Heap. 

Dry  matter 115            62  18  186 

Ashes 6             11  8  25 

Phosphoric  acid 0.42         0.52  0.44  1.38 

Potash 0.13  0.60  4.11  4.74 

Nitrogen  in  organic  matters.    0.70         0.99  1.18  2.87 

Nitrogen  in  ammonia 0.29  0.29 

Total  nitrogen ...  3.16 

The  straw  in  the  manure  from  the  deep  stall  appears  to  have 
been  less  completely  decomposed  than  that  in  the  dung-heap,  a 
result  which  points  to  the  similarity  of  such  dung  to  ensilage.  No 
nitrates  could  be  detected.  But  it  is  noticeable,  not  only  that 
there  is  more  nitrogen  in  the  manure  from  the  deep  stall,  but  that 
this  manure  contains  more  soluble  nitrogen,  more  ammonia,  and 
a  larger  amount  of  soluble  organic  nitrogen  compounds.  Possibly 
some  of  the  phosphoric  acid  in  the  deep  stall  had  passed  into  the 
form  of  the  insoluble  double  phosphate  of  magnesia  and  am- 
monia. 
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Fermentations  are  caused  by  Micro-organisms, 
It  is  now  known  that  the  fermentations  which  occur  in  dung- 
heaps  are  due  to  the  presence  of  various  microscopic  organisms 
analogous  to  the  <'  yeast''  which,  as  everyone  knows,  causes  sugar 
to  ferment,  and  to  break  up  into  alcohol  and  carbonic  acid.  As 
long  ago  as  1695,  Leeuwenhoek  detected  the  presence  of  micro- 
scopic organisms  in  dung,  though  the  significance  of  this  capital 
observation  was  not  fully  recognized  until  recently.  Of  late  years, 
the  old  observation  has  been  verified  by  numberless  observers, 
and  the  paramount  importance  of  the  micro-oi^ganisms  is  clearly 
seen.  It  can  now  readily  be  understood  how  it  is  that  loose  dung 
may  undergo  active  and  violent  fermentation,  such  as  would  be 
impossible  in  case  the  materials  were  firmly  compacted  or  mixed 
with  a  considerable  amount  of  earth  or  other  inert  matter,  and 
especially  if  they  were  packed  in  a  silo  or  drenched  in  a  pit.  It 
is  known  too  that  the  alkalinity  of  decaying  manure  is  a  condition 
favorable  for  the  development  of  the  micro-organisms  which  cause 
fermentation,  and  that  the  fermentation  of  manure  could  readily 
be  checked  by  means  of  acids. 

Some  Kinds  of  Ferments  need  Air, 
Pasteur  has  shown  that  two  distinct  classes  of  microscopic  or- 
ganisms are  concerned  in  fermentations.  The  members  of  one  of 
these  classes  are  active  only  in  presence  of  air  or  free  oxygen  gas, 
while  those  of  the  other  class  require  neither  air  nor  free  oxygen  for 
their  support,  since  they  can  obtain  a  sufficiency  of  this  particular 
kind  of  food  by  taking  it  from  oi^anic  matters  that  contain  oxy- 
gen as  an  essential  constituent.  Ferments  of  the  kinds  that  need 
air  have  been  designated  as  aerobic^  and  those  which  act  in  the 
absence  of  air  are  called  anaerobic. 

The  anaerobic  ferments  —  viz.  those  which  can  live  without  air 
—  act  to  break  up  pre-existing  compounds  into  new  and  simpler 
forms,  and  when  this  work  has  been  accomplished  their  activity 
must  cease.  But  in  case  the  fermenting  substance  is  exposed  to 
air,  decay  will  go  on  indefinitely.  In  other  words  aerobic  ferments 
will  live  and  thrive  upon  it  continually,  even  upon  the  disorganized 
materials  which  have  been  exhausted,  so  to  say,  by  the  anaerobic 
ferments.  Thus  it  happens,  when  the  conditions  are  such  that 
the  external  air  cannot  gain  access  to  manure,  that  the  internal  or 
anaerobic  fermentation  of  the  constituents  of  the  manure  may 
speedily  run  its  course  and  wellnigh  cease. 
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It  is  to  be  preBumed  also  that  the  chemical  products  generated 
during  the  anaerobic  fermentation  must  soon  check  the  activity  of 
the  micro-organisms  which  occasioned  it,  and  that  the  carbonic 
acid,  which  cannot  readily  escape  from  the  mass  of  manure,  must 
soon  permeate  every  part  of  it,  and  help  to  exclude  air,  and  so 
tend  to  repel  the  aerobic  ferments,  even  if  this  carbonic  acid  may 
not  act  directly  to  destroy  these  ferments  when  present. 

The  power  of  carbonic  acid  to  check  certain  forms  of  decay  was 
clearly  recognized  long  ago,  and  strongly  insisted  upon.  The  dis- 
tinguished chemist  and  physician,  Macbride,  writing  in  1764,  inti- 
mates that  he  has  found  ^^  very  strong  reasons  for  believing  that 
carbonic  acid  is  the  grand  preserver  of  animal  fluids  from  putre- 
faction." This  belief  he  proceeded  to  justify  by  several  well  con- 
sidered experiments.  He  dwells  even  on  the  power  of  carbonic 
acid  to  '^restore  sweetness,"  an  efifect  which,  as  we  now  know, 
must  depend  on  the  destruction,  by  the  carbonic  acid,  of  some  of 
the  microdemes  which  cause  decay.  One  of  Macbride's  experi- 
ments was  to  hang  a  bit  of  putrid  mutton,  *  ^  cut  thin,  so  that  the 
vapor  may  have  power  to  pervade  it,"  in  the  mouth  of  a  vessel  in 
which  molasses  wash  was  fermenting,  in  such  manner  that  the  meat 
should  not  touch  the  liquid,  but  be  continually  enveloped  with  the 
gas  developed  from  it  by  the  fermentation.  After  having  been 
thus  left  over  night,  the  meat  was  found  next  morning  <  ^  plumped 
up,  sweet,  and  firm,'* 

So,  too^  John  Davy  remarked  that  <^  the  products  of  putrefac- 
tion, viz.  carbonic  acid  and  carbonate  of  ammonia,  exert  [to  a 
certain  extent]  an  antiputrescent  action."  Fraenkel  has  found, 
in  fact,  that  very  few  micro-organisms  prosper  in-  an  atmosphere 
of  carbonic  acid,  though  among  the  exceptions  beer-yeast  and  the 
lactic  ferment  are  conspicuous.  He  found  that  the  development 
of  most  micro-organisms  is  decidedly  hindered  by  the  presence  of 
carbonic  acid.  But  it  has  often  been  remarked  how  little  the  ac- 
tivity of  beer-yeast  is  impaired  by  the  presence  of  carbonic  acid. 
Thus,  Lindet  caused  the  carbonic  acid  evolved  during  fermenta- 
tion, by  means  of  yeast,  to  be  retained  in  the  vessels  under  pres« 
sures  of  20,  200,  430  and  600  mm.  of  mercury,  and  observed  no 
differences,  either  in  the  amount  of  alcohol  produced  or  in  the 
weight  of  yeast  obtained. 

Adds  are  Inimical  to  most  Micro-organisms. 

Pringle  observed,  as  long  ago  as  1750,  the  fact,  of  a  somewhat 
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different  order  from  the  foregoing,  that  an  increase  of  acidity  may 
check  putrefaction.  He  says:  '*When  farinaceous  vegetables 
were  examined,  viz.  white  bread  in  infusion,  and  decoctions  of 
flour,  barley,  and  oatmeal,  they  did  not  at  all  retard  putrefaction 
(of  flesh)  at  first;  but  after  it  was  somewhat  advanced,  they 
checked  it  by  turning  sour.  ...  By  a  long  digestion,  the  acidity 
became  considerable,  which  by  conquering  the  putrescency  of  the 
flesh,*'  etc. 

For  this  matter,  the  preservative  power  of  acids,  such  as  vin- 
egar, is  well  known,  and  familiarly  made  use  of  in  domestic  econ- 
omy. In  this  sense,  true  superphosphate  of  lime  is  capable  of 
preserving  dung  and  urine.  Krause  found  that  so  little  as  one 
per  cent  of  a  good  superphosphate  was  an  excellent  preser\'ative 
of  manure  that  was  shielded  from  rain.  Fresh  cow's  urine, 
mixed  with  the  superphosphate,  lost  no  nitrogen  whatsoever. 

Maercker  has  shown  that  even  the  fermentation  of  sugar,  by 
means  of  yeast,  is  arrested  by  the  presence  of  3  or  4  %  of  lactic 
acid,  0.5  %  of  acetic  acid,  0.2  %  of  formic  acid,  0.1  %  of  either 
butyric  or  propionic  acids,  and  by  traces  of  caproic  acid.  Gen- 
erally speaking,  microbes  are  particularly  sensitive  to  the  influence 
of  dilute  mineral  acids.  Most  of  them  are  paralyzed  in  the  pres- 
ence of  no  more  than  half  of  one  per  cent  of  one  of  these  acids. 
It  is  true,  also,  that  bacteria  develop  best  in  substances  which  are 
neutral  or  slightly  alkaline,  though  their  activity  is  not  wholly 
checked  by  the  presence  of  minute  quantities  of  the  organic  acids 
that  are  developed  by  fermentation.  A  small  amount  of  acidity, 
due  to  this  cause,  simply  diminishes  the  activity  of  the  ferment, 
without  stopping  it  altogether.  But  it  is  noticed,  in  the  case  of 
organic  matters  decaying  in  the  air — when  the  acidity  of  the  ma- 
terials has  become  sufficiently  marked  to  hinder  the  action  of  the 
bacteria  —  that  the  conditions  are  now  favorable  for  the  growth 
of  moulds,  which  speedily  take  possession  of  the  field,  and  act  to 
consume  the  products  formed  during  the  fermentations  which  the 
bacteria  had  induced.  Unlike  the  micro-organisms  of  ordinary 
putrefaction,  moulds  grow  well  on  substances  which  are  notice* 
ably  acid,  as  is  seen  familiarly  in  the  decay  of  sour  fruits.  Prac- 
tically, it  is  found  that  putrescent  bodies  exhibit  an  alkaline 
reaction,  and  that  a  certain  degree  of  alkalinity  is  favorable  for 
putrefaction. 

When  a  piece  of  firm,  fresh  meat — which  is  naturally  very 
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slightly  acid  —  is  left  exposed  to  the  air,  at  the  ordinary  tempera- 
ture, and  to  the  attacks  of  the  germs  and  micro-organisms  which 
the  air  contains,  it  will  be  noticed,  after  a  while,  that  the  meat 
softens  somewhat,  in  consequence  of  the  action  of  the  lactic  and 
the  butyric  ferments,  and  acquires  a  peculiar  flavor,  unlike  that  of 
fresh  meat.  At  this  stage,  the  flesh  exhibits  an  acid  reaction,  due 
to  the  presence  of  the  acids  above  named.  Even  when  this  acid 
fermentation  is  somewhat  advanced,  the  odor  of  the  meat  will  be 
butyric  rather  than  putrid. 

In  due  course,  the  acid  ferments  are  succeeded  by  others,  with 
the  result  that  certain  albuminoid  constituents  of  the  meat  are  de- 
composed, with  formation  of  ammonia,  which  neutralizes  the  lactic 
and  butyric  acids,  and  imparts  a  decided  alkaline  reaction  to  the 
flesh.  Then  it  is  that  true  putrefaction  sets  in,  with  rapid  disor- 
ganization of  the  constituents  of  the  flesh,  and  evolution  of  highly 
offensive  odors.  Fish  decays  much  more  rapidly  than  flesh,  be- 
cause it  is  alkaline  from  the  beginning,  and  is  invaded  at  once  by 
the  bacteria  of  putrefaction,  without  undergoing  the  lactic  fermen- 
tation.  (Gamier.) 

Fermentation  of  Manure. 

For  exciting  the  hot,  active  putrefaction  of  manure,  the  presence 
of  a  certain  amount  of  air  seems  to  be  needed  at  flrst,  while 
for  slow,  regular  fermentations,  such  as  may  occur  in  impacted 
manure,  for  example,  little  if  any  air  is  necessary,  since,  as  has 
been  said,  the  organisms  which  cause  such  fermentations  are  able 
to  procure  oxygen  enough  for  their  support  from  that  which  is 
held  in  actual  combination  by  the  organic  matters  in  the  manure. 

It  is  a  familiar  fact  that  fermentations  due  to  the  presence  of 
microbes  run  a  certain  course,  and  attain  to  a  maximum  of  activ- 
ity, and  then  slacken  off  and  Anally  come  to  a  standstill.  Some- 
times, indeed,  it  is  found,  when  the  fermentation  has  ceased,  that 
the  bacteria  which  abounded  in  the  fermenting  materials  have  all 
perished.  This  checking  or  cessation  of  fermentation  may  depend, 
in  some  cases,  upon  the  destruction  or  using  up  of  materials  upon 
which  the  micro-organisms  fed,  and  in  this  event  the  organisms 
are  simply  starved  out ;  but  in  other  cases  the  cessation  is  known 
to  be  due  to  the  formation  of  acids  and  other  products  of  decom- 
position, in  presence  of  which  the  microbes  cannot  live.  In  this 
case,  the  organisms  are  crippled  or  poisoned,  and  so  hindered 
from  inducing  fermentation,  even  when  an  abundance  of  food 
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Still  remains  at  their  disposal.  It  is  trae,  also,  evea  of  many  of 
the  anaerobic  ferments,  that  they  respire  best  when  not  wholly  ex- 
cluded from  contact  with  the  air.  That  is  to  say,  the  presence  of 
some  traces  of  air  —  at  the  least,  occasionally  —  seems  to  be  help- 
ful for  maintaining  the  fermentation  in  full  vigor.  Thus,  in  the 
case  of  ordinary  yeast,  which  has  been  left  to  act  upon  sugar- 
water  for  a  considerable  time  out  of  contact  with  the  air,  it  is  no- 
ticed that  the  fermentation  ceases  to  be  vigorous,  and,  on  exam- 
ining the  yeast  globules,  they  are  seen  to  be  not  young  and  active, 
but  old  and  degenerate.  Meanwhile,  the  liquid  has  become  com- 
pletely saturated  with  carbonic  acid.  Under  these  conditions,  re- 
newed activity  of  the  fermentation  may  be  incited  by  causing  a 
few  bubbles  of  oxygen  gas  or  of  air  to  pass  through  the  liquor. 
Practically,  in  the  fermentation  of  wine,  or  the  like,  it  is  cus- 
tomary not  to  exclude  air  absolutely,  though  care  is  always  taken 
that  very  little  air  shall  gain  access  to  the  feimenting  liquid. 

In  proof  of  the  significance  of  micro-organisms  for  exciting 
fermentations,  Pasteur  has  shown  that  the  air  in  a  closed  flask, 
partially  filled  with  urine,  may  be  deprived  of  all  its  oxygen  in 
the  course  of  a  few  days  through  formation  of  carbonic  acid  by 
the  action  of  organisms  whose  germs  were  floating  in  that  air. 
But  on  charging  a  flask  of  urine  with  air  that  has  been  ignited  to 
destroy  the  germs  naturally  contained  in  it,  the  liquid  will  remain 
almost  without  change  for  years,  and  comparatively  little  of  the 
oxygen  in  the  flask  will  be  converted  to  carbonic  acid. 

In  one  case,  Pasteur  found  that  the  air  which  had  thus  been 
left  in  contact  with  urine  for  three  years  contained  1H%  of 
oxygen,  11^  %  of  carbonic  acid,  and  77  %  of  nitrogen.  He  found 
that  blood  also,  as  well  as  urine,  could  readily  be  kept,  in  contact 
with  air,  undecomposed,  if  only  pains  were  taken  to  destroy  the 
germs  in  the  air  and  prevent  the  access  of  others. 

In  another  experiment,  oak  sawdust,  that  had  been  boiled  with 
water,  was  left  in  contact,  at  86°  F.,  with  air  that  had  been 
ignited.  But  after  a  month  had  elapsed,  this  air  was  found  to 
contain  16^  %  of  oxygen,  2^^  of  carbonic  acid,  and  81^  %  of 
nitrogen.  Whereas,  on  repeating  the  experiment  under  ordinary 
conditions,  i.  e.,  with  unignited  air  and  unboiled  sawdust,  a  large 
amount  of  oxygen  was  speedily  removed  from  the  air,  and  car- 
bonic acid  formed. 

All  putrescible  matters,  such  as  dung  and  urine,  milk,  blood 
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and  flesh  may  be  kept  fresh  for  any  length  of  time  —  as  is  done 
in  the  ordinary  process  (Appert's)  of  canning  meat  and  vege- 
tables —  by  tirst  heating  the  materials,  to  destroy  whatever  germs 
may  have  fallen  upon  them,  and  afterwards  taking  care  to  shield 
them  from  coming  in  contact  with  new  germs.  In  so  far  as  con- 
cerns the  question  of  their  fermenting  or  putrefying,  it  is  not  es- 
sential that  the  matters  to  be  preserved  should  be  sealed  up  so  that 
air  shall  be  excluded ;  they  could  still  be  kept  —  though  much  less 
conveniently,  and  probably  with  some  loss  of  flavor — by  arrang- 
ing matters  in  such  wise  that  air  could  freely  come  to  them  after 
it  had  either  been  calcined,  or  most  carefully  filtered  so  that  all 
germs  originally  contained  in  it  should  be  destroyed  or  arrested. 
When  this  experiment  is  performed,  it  is  easy  to  excite  fermenta- 
tion at  any  moment  by  throwing  in  a  little  dust  collected  from  the 
air,  such  as  may  be  obtained  by  straining  a  considerable  quantity 
of  air  through  a  tuft  of  cotton. 

Fermentations  differ  according  to  Circumstances. 

It  may  be  laid  down  as  a  rule,  that  the  fermentations  of  ma- 
nure will  vary  materially  according  as  more  or  less  air  has  access 
to  the  heaps,  and  as  more  or  less  water  is  contained  in  them ;  or, 
in  other  words,  according  as  circumstances  favor  the  growth  of 
one  or  another  kind  of  micro-organism.  It  is  with  manures  some- 
what as  it  is  with  soils,  only  that  the  fermentations  of  the  ma- 
nures are  more  evident  and  pronounced.  In  loose  heaps  of  horse- 
manure,  to  the  interior  of  which  air  has  tolerably  free  access, 
aerobic  ferments  often  display  great  activity,  a  great  deal  of  or- 
ganic matter  is  destroyed  and  much  carbonic  acid  evolved,  while 
no  little  heat  is  developed.  It  may  happen  indeed  under  favor- 
able conditions  that  heat  enough  is  set  free  to  kill  the  organisms 
which  have  caused  the  fermentation.  To  illustrate  this  matter 
Guyon  packed  some  manure  in  a  wooden  box,  of  the  capacity  of 
a  cubic  metre,  and  having  closed  the  box  tightly  in  order  to  ex- 
clude air,  he  noticed  that  the  temperature  of  the  manure  hardly 
rose  to  59°  F.,  while  the  thermometer  was  seen  to  rise  to  162°  F. 
in  another  equal  mass  of  similar  manure  that  had  been  packed  in 
an  open-work  basket  made  of  wire  gauze,  so  that  air  could  have 
free  access  to  it.  Even  in  dry,  porous  heaps  of  compost  there 
may  be  rapid  wasting  of  the  carbonaceous  matters  by  processes  of 
oxidation,  as  will  be  explained  under  Composts. 

On  the  other  hand,  when  air  is  excluded  from  manure  the  action 
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of  anaerobic  micro-orgaDiBms  causes  such  fermentatious  as  produce 
marsh-gas  (CH4),  as  well  as  carbonic  acid,  if  the  manure  is  alka- 
line, as  it  should  be  and  usually  is ;  or  hydrogen  and  carbonic  acid 
if  the  manure  is  acid.  Very  much  less  heat  is  developed  by  these 
anaerobic  fermentations  than  by  those  which  occur  in  the  presence 
of  air.  Meanwhile  small  quantities  ,of  various  acids  such  as 
butyric  and  lactic  acids  may  be  formed. 

Oi-dinarily  several  kinds  of  fermentations  appear  to  progress 
simultaneously,  or  at  the  least  to  follow  one  another  rapidly,  and 
it  is  true  that  purely  chemical  processes  of  oxidation  often  occur 
at  the  same  time  with  the  fermentations  proper,  and  that  they  may 
succeed  them  also.  Indeed,  it  is  not  to  be  supposed  that  there  is 
usually  any  sharp  line  of  demarcation  between  the  two  kinds  of 
oxidation,  but  that  the  one  may  gradually  shade  into  the  other. 
Thus,  when  the  heat  caused  by  ferment  action  in  a  manure-heap 
has  become  high  enough  to  excite  purely  chemical  oxidations,  the 
latter  will  naturally  occur  simultaneously  with  the  ferment  action, 
and  subsequently  when  the  heat  has  become  great  enough  to  de- 
stroy the  ferment  organisms  so  close  an  approximation  to  the  kin- 
dling temperature  of  the  organic  matter  will  have  been  reached 
that  slow  chemical  combustion  will  go  forward  by  itself,  often  for 
a  considerable  period  of  time.  Under  peculiarly  favorable  condi- 
tions, it  may  even  happen  that  the  litter  in  the  manure-heap  may 
take  fire  spontaneously,  and  cases  in  which  this  result  has  been 
reached  have  sometimes  been  noticed,  though  rarely. 

In  order  to  study  the  matter,  Schloesing  selected  a  number  of 
samples,  each  of  one  or  two  pounds  weight,  from  a  great  heap  of 
manure  which  had  been  well  forked  over  and  thoroughly  mixed, 
and  having  placed  these  samples  in  appropriate  vessels,  he  steril- 
ized all  of  them  by  maintaining  the  vessels  with  their  contents  at 
a  temperature  of  221^  F.  for  an  hour.  A  certain  number  of  the 
samples  were  then  <^  seeded,"  by  adding  to  them  some  non-steril- 
ized dung,  and  measured  quantities  of  filtered  air  were  made  to 
flow  over  all  the  samples,  the  rate  of  flow  being  regulated  so  that 
the  outgoing  air  should  always  contain  an  excess  of  oxygen  and 
at  least  1-2  ^  of  carbonic  acid.  The  amount  of  carbonic  acid 
produced  was  determined  daily.  From  the  figures  in  the  tables, 
in  which  the  quantities  of  carbonic  acid  evolved  by  the  seeded 
and  by  the  sterilized  samples  are  compared,  some  idea  may  be 
gained  as  to  how  much  of  the  carbonic  acid  was  produced  by  fer- 
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ment  action,  and  how  much  by  mere  chemical  oxidation,  for  the 
assumption  is  that  on  subtracting  the  carbonic  acid  of  the  steri- 
lized samples  from  that  of  the  seeded,  the  difference  will  give  an 
approximation  to  the  amount  produced  by  ferment  action. 

▲t  n5<^  V.  there  wm 
eTolTed  In  24  houn  by 
each  kilo,  of  dry  mo- 

nare,  gnu.  of  COs. 
Sterilised.      SeedeJ. 

.    2.8  3.7 


Ftoxh  honO'ina- 

» with  75% 
water. 


2dda7     • 
ad  *•       . 
4th  •• 
fith«* 

Vrcok  horse  •mar 
nnre  with  76.2% 
water. 
2d  day 
3d  •• 
4th  «• 
eth" 
15th" 
Ditto. 
2d  day 
3d  " 
4th  '• 
6th" 
15th  " 


AtlSO^F..  there  was 

eyolred  In  24  houn  by 

each  kilo,  of  dry  nuu 

nnre,  grm.  of  COj. 

Sterilised.      Seeded. 

.    .    .  .  33.8 

.    .    1.1  26.0 

.    .    0.9  22.2 

.    .    1.3  18.6 

At  162.5«  F. 


From  hone-ma- 

nnre  with  71  % 

water. 


iBt  day 
2d    " 
4th  '* 
6th  *< 


2.3 
1.8 
1.4 


2.1 
1.0 
t6 


Ditto.         At  163»  (newly  ■teriliaed.) 


2.3 
2.9 
1.9 
1.4 
1.4 


9.8 
14.6 
29.8 
20.7 

8^ 


ad  day 

4th  ** 
5th  " 
7th   " 


1.3 
1.1 
0.9 
0.8 
0.8 


1.4 
5.3 
6.9 
6J2 
2.0 


At  178°  F. 
3.9  4.1 

2.8  2.8 

2.6  2.4 

2.1  2.4 

1.4  1.4 


It  is  evident  from  these  results  that  the  ferment  organisms 
could  not  live  at  175**  F.,  while  at  163°  they  exhibited  some 
activity,  and  stUl  more  at  162.5°.  The  trials  at  175°  and  at  178° 
show  that  the  merely  chemical  oxidation  in  a  dung-heap  may  be 
of  considerable  moment.  In  no  instance  was  any  inflammable 
gas  detected  in  the  outgoing  air. 

In  other  experiments,  the  action  of  anaerobic  ferments  was 
tested  by  causing  nitrogen  gas  to  flow  through  the  apparatus,  in- 
stead of  air.  The  results  of  these  trials  are  given  in  the  follow- 
ing table.  The  horse-manure  employed  contained  60  %  of  water, 
and  the  figures  represent  the  number  of  litres  and  fractions  of 
litres  of  gas  which  were  given  off  in  24  hours  from  one  kilo,  of 
the  manure :  — 


Gas  glTen  off  at  126<'  F. 

Steriliied.  Seeded. 

CDs  CH4    H  COs     CH4  H 

6th  day  0.07     0     0.01  1.33     O.U  0 

12tb    '«     0.19      0      0.03  1.96     1.81  0 

17th   "     0.16     0     0.02  1.68      1.61  0 


Gaa  glTen  off  at  151'  F. 
Sterilised.  Seeded. 

COj  CH^   H  C0aCH4     H 

0.21      0     0.04  1.26      0      0.04 

0.62     0     0.20  0.63     0     0.34 

0.40      0      0.16  0.42      0      0.17 


From  these  trials,  and  from  others  made  with  cow-dung,  it  ap- 
peared that  the  marsh-gas  fermentation  no  longer  occurred  at 
151°  F.  But  at  126°  F.  this  form  of  fermentation  was  active, 
and  both  the  decomposition  of  the  organic  matter  and  the  evola« 
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tion  of  carbonaceous  gases  was  much  more  rapid  in  presence  of 
the  anaerobic  micro-organisms  than  in  the  sterilized  dung.  It 
will  be  noticed  that,  while  the  oxidation  due  to  purely  chemical 
action  was  much  more  marked  at  151^  than  at  126^,  the  evolution 
of  carbonic  acid  was  not,  in  any  instance,  so  abundant  in  the  ab- 
sence of  the  ferment  as  in  its  presence.  In  no  instance  was  any 
free  nitrogen  gas  evolved  from  the  fermenting  dung.  On  the  con- 
trary, all  the  nitrogen  of  the  organic  matter  that  was  decomposed 
by  the  ferment  was  evolved  in  the  form  of  ammonia. 

In  some  cases,  the  so-called  lactic  fermentation  occurs,  which  is 
accompanied  with  the  formation  of  lactic  acid,  while  at  other 
times  butyric  acid  and  other  kinds  of  acids  are  foimed.  The 
presence  of  butyric  acid  has  often  been  detected  in  fermenting 
manures,  in  decaying  fruit,  flesh,  and  pulse,  as  well  as  in  the  soil, 
and  there  are  reasons  for  believing  that  putrefaction,  properly  so 
called,  may  often  be  little  more  than  a  butyric  fermentation.  But 
Pasteur  has  shown  that  the  organisms  which  cause  the  butyric  fer- 
mentation, far  from  needing  air,  can  live  and  multiply  in  organic 
matters,  even  when  no  trace  of  free  oxygen  is  present.  Indeed, 
air  destroys  these  organisms,  and  the  admission  of  it  to  materials 
upon  which  they  are  at  work  will  arrest  the  fermentation. 

Another  kind  of  fermentation  occurs  when  fresh  urine  comes  in 
contact  with  putrid  urine,  the  urea  in  the  fresh  urine  being  quickly 
changed  to  carbonate  of  ammonia  by  the  action  of  a  peculiar  or- 
ganism with  which  the  putrid  urine  has  become  charged :  — 
CH^NjO  +  2  H3O—  (NH^)j  CO3. 

In  consonance  with  the  foregoing  statements,  Deh^rain  has 
noticed  two  distinct  fermentations  in  heaps  of  manure,  viz.,  an 
aerobic  fermentation,  as  a  result  of  which  the  temperature  may 
rise  to  150  or  160**  F.,  and  an  anaerobic  fermentation  which  occurs 
at  temperatures  of  85  or  95^.  The  two  fermentations  are  dis- 
tinguished by  the  fact  that  different  and  characteristic  gases  are 
found  among  the  products  of  the  decomposition  of  the  manure. 
A  heap  of  loose  manure,  as  well  as  the  hot  upper  layers  of  an 
ordinary  heap,  to  which  the  oxygen  of  the  air  has  access,  will  be 
found  to  contain  an  aerobic  ferment  whose  activity  gives  rise  to 
the  evolution  of  carbonic  acid ;  while  at  the  centre  of  a  compact 
heap,  and  in  its  lower  layers,  where  the  anaerobic  ferment  is  at 
work,  marsh-gas  (CH^)  is  found,  as  well  as  carbonic  acid. 

This  marsh-gas  fermentation  (anaerobic)  may  readily  be  excited 
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artificially  by  moistening  some  paper,  or  cotton,  or  straw,  in  a 
bottle,  with  weak  solutions  of  carbonate  of  ammonia  and  carbon- 
ate of  potash,  together  with  a  little  phosphate  of  ammonia,  and 
adding  a  few  drops  of  barnyard-liqaor  (which  contains  the  fer- 
ment). On  maintaining  the  bottle  and  its  contents  for  some 
weeks  at  a  temperature  of  104**  F.,  the  fermentation  will  run  its 
course  with  decomposition  of  the  cellulose  of  the  paper,  etc., 
while  equal  volumes  of  marsh-gas  and  of  carbonic  acid  are  set 
free.  It  is  in  this  way  that  the  cellulose  in  the  straw  of  a  manure- 
heap  is  broken  up,  and  the  coherence  of  the  straw  destroyed. 
Manure  may  spoil  in  Loose  Heaps. 

The  system  of  compacting  cow-manure,  just  now  described, 
offers  a  strong  contrast  to  the  common  habit  of  leaving  horse- 
manure  to  spoil  itself  by  rapid  fermentation  in  dry,  loose  heaps, 
and  indicates  the  absurdity  of  this  habit.  Horse- manure  is  not 
oulydi7  naturally,  but  it  is  usually  highly  nitrogenous,  because 
horses  are  fed  habitually  with  an  abundant  ration  of  grain.  Con- 
sequently, it  d(^omposes  with  great  rapidity  and  considerable 
losses  of  nitrogen  may  ensue, — chiefly  in  the  form  of  gaseous 
ammonium  carbonate.  Boussingault  obsei-ved  of  a  lot  of  horse- 
manure,  the  dry  matter  of  which,  when  in  the  fresh  condition, 
contained  2.7  %  of  nitrogen,  that  it  lost  nearly  two-thirds  of  its 
nitrogen  in  the  process  of  decay.  After  complete  decomposition, 
the  dry  matter  of  this  manure  contained  only  1  %  of  nitrogen. 

A  conspicuous  feature  in  heaps  of  loose,  dry  horse-manure  is 
the  mycelium  of  a  fungus  —  made  evident  by  numberless  white 
threads  in  the  manure,  and  by  the  white  dust  which  rises  in  clouds 
when  such  manure  is  stirred.  This  fungus  penetrates  every  part 
of  the  heap,  to  consume  the  carbonaceous  and  nitrogenous  matters, 
and  soon  changes  the  manure  to  the  condition  known  as  ^'  fire- 
fanged."  It  is  to  be  presumed,  of  course,  that  the  nitrogen  in 
the  substance  of  the  fungus  is  less  active  as  a  fertilizer  than  that 
in  the  original  manure.  By  mixing  peat  or  loam  with  fresh  horse- 
manure,  the  growth  of  the  fungus  may  be  prevented,  or  at  the 
least  checked,  and  the  manure  be  kept  in  much  better  condition. 

It  is  to  be  noticed  that  the  checking  of  fermentation  in  this 
case  by  the  admixture  of  loam  points  to  the  fact  that  the  pre- 
servation of  manure  is  far  enough  from  being  a  purely  chemical 
question.  The  merit  of  the  loam  consists  not  alone  in  its  **  hold- 
ing "  ammonia,  as  was  formerly  supposed,  but  in  that  it  makes 
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the  manure-heap  a  less  agreeable  feeding-ground  for  that  particu- 
lar kind  of  fungus  which  causes  flre-fanging.  Still  better  than 
mere  dilution  with  loam,  the  mixture  of  horse-dung  and  loam,  or 
of  horse-dung  and  cow-dung,  may  be  kept  slightly  moist  and  trod- 
den down  compactly,  as  is  in  fact  sometimes  done  in  this  country 
by  means  of  swine  in  barn  cellars.  In  the  main,  however,  not 
half  enough  attention  is  given  to  the  care  of  horse-dung.  Many 
farmers  are  apt  to  overlook  the  fact  that,  when  fresh,  it  is  not  in- 
frequently more  valuable  than  cow-dung  and  they  seem  to  forget 
that  it  spoils  so  easily. 

A  system  of  compressing  horse-manure  into  bales,  as  if  it  were 
hay,  in  order  to  facilitate  its  transportation,  has  occasionally  been 
practised  at  some  of  the  larger  stables  in  New  York  City,  though 
\evy  little  appears  to  have  been  published  with  regard  to  the  utility 
of  it.  An  opinion  seems  to  prevail,  however,  among  practical 
men,  that  the  baled  manure  has  been  found  useful  in  field  practice. 
It  is  probable  that  this  particular  product  is  much  drier  than  the 
impacted  Saxon  cow-manure  above  described.       « 

Another  instance  of  impaction  is  seen  in  the  case  of  sheep-ma- 
nure from  stables  where  the  droppings  and  litter  have  been  left 
for  a  long  time  under  the  animals,  as  is  usual  in  many  localities. 
It  is  very  questionable,  however,  in  this  case,  where  the  manure 
is  comparatively  dry,  whether  a  large  part  of  its  most  valuable 
constituents  may  not  have  been  destroyed  by  improper  fermenta- 
tions. Nitrification  is  known  to  occur,  however,  in  such  sheep- 
manure,  and  to  a  very  considerable  extent. 

Pounds  of  Food  eaten  indicate  Yield  of  Manure, 

The  amount  of  manure  produced  by  animals  may  readily  be 
computed  approximately  from  the  amount  of  food  which  they  have 
eaten  (or  are  to  eat) ,  and  the  quantity  of  straw  that  is  employed 
for  bedding  them,  though  the  details  of  the  calculation  will  neces- 
sarily vary  slightly  for  each  kind  of  animal,  since  the  excrements 
of  some  species  of  animals  are  more  watery  than  those  of  other 
species.  A  thousand  pounds  live  weight  of  neat  cattle,  for  ex- 
ample, will  ordinarily  produce  a  larger  number  of  pounds  of  ma- 
nure than  would  be  produced  by  1000  lb.  live  weight  of  sheep. 

Heiden  has  given  several  instructive  examples  of  this  method 
of  computation.  In  the  case  of  horses,  it  appears  that  some 
47.33  %  of  the  dry  matter  in  their  food  passes  out  from  them  in  the 
solid  and  liquid  excrements,  and  that  the  percentage  of  water  in 
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these  excrements  amounts  to  77.5  on  the  average ;  so  that  in  the 
total  excrement  there  is  about  22.5  %  of  dry  matter.  Whence  it 
appears  that,  from  every  100  lb.  of  dry  matter  eaten,  210  lb.  of 
fresh  manure  will  be  produced, 

22.5:  100::  47.33:  210, 
or,  for  each  pound  of  dry  matter  in  the  fodder  there  is  obtained 
rather  more  than  2  lb.  of  manure. 

In  case  the  animals  were  standing  all  the  while  quietly  in  their 
stalls,  the  weight  in  pounds  of  fresh  excrement  produced  by  them 
would  be  got  by  simply  multiplying  the  number  of  pounds  of  dry 
matter  in  their  fodder  with  the  factor  2.1.  To  the  product  thus 
obtained  would  be  added  the  number  of  pounds  of  straw  that  have 
been  expended  in  bedding  the  animals,  say  6.5  lb.  per  diem  on  the 
average.  But  in  case  the  animals  are  worked,  there  must  be  sub- 
tracted whatever  dung  and  urine  have  been  dropped  outside  the 
stables. 

If,  for  example,  it  be  assumed  (with  Heiden)  that  a  horse  works 
260  days  of  12  hours  each  in  the  course  of  a  year,  or  130  whole 
days,  it  may  be  admitted  that  235  days  have  been  spent  in  stall ; 
and  by  multiplying  this  number  with  the  daily  product  of  dung,  as 
above  obtained,  and  adding  the  yearly  expenditure  of  straw,  there 
will  be  got  an  approximation  to  the  yearly  product  of  manure. 
Heiden  makes  out  in  this  way  that  a  well-fed  working  horse  will 
produce  about  50  lb.  of  manure  a  day,  or  some  6^  tons  in  the  year, 
as  above  stated.  Of  course,  much  must  depend  in  each  particular 
instance  on  the  liberality  with  which  straw  is  used  for  bedding  the 
animals.  Ai-msby  found  in  a  horse-stable  where  the  soiled  straw 
was  spread  out  and  dried  every  day  to  be  used  over  again  —  as  is 
the  custom  in  most  town  and  city  stables  in  this  country  —  that 
the  consumption  of  bedding  amounted  to  almost  7  lb.  per  horse 
and  per  day ;  while  in  a  stable  where  fresh  straw  alone  was  used, 
and  the  soiled  bedding  was  thrown  immediately  upon  the  dung- 
heap,  as  much  as  15  lb.  of  straw  was  used  per  day  and  per  horse. 

In  the  case  of  cows  or  other  neat  cattle,  it  has  been  observed 
that  the  animals  void  some  iS  %  of  the  dry  matter  of  the  food  in 
the  liquid  and  solid  excrements,  and  that  the  fresh  excrements 
contain  on  the  average  87.5  %  of  water  and  12.5  %  of  dry  mat- 
ter.    But 

12.5  :  1 : :  48  :  8.84, 

so  that  in  this  case  we  have  the  factor  3.84  with  which  to  multiply 
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the  number  of  pounds  of  dry  matter  in  the  fodder  in  order  to  ob- 
tain the  number  of  pounds  of  fresh  excrement.  To  the  product  of 
this  multiplication  must  be  added,  as  before,  the  straw  used  for 
bedding,  which  for  animals  kept  in  stall  should  amount,  according 
to  Heiden,  to  not  far  from  one-third  the  weight  of  the  dry  matter 
of  the  fodder. 

Hence,  an  ox  of  1 ,000  lb.  weight,  consuming  27  lb.  of  dry  mat- 
ter per  diem,  will  produce  in  a  day  (27  X  8.84)  -|-  9  lb.  of  ma- 
nure, 1.  e.  nearly  113  lb.  And  in  a  year  he  will  produce  some  20 
tons.  In  the  same  way  it  may  be  concluded  that  young  cattle  of 
500  lb.  weight,  consuming  16  lb.  of  dry  matter  per  diem,  will  pro- 
duce in  a  year  12  tons  of  manure  apiece.  Where  cows  are  pas- 
tured in  summer,  or  where  they  are  kept  up  of  nights  without 
bedding,  allowances  must  of  course  be  made  both  for  the  time 
they  are  absent  from  the  stable  and  for  the  straw  that  has  been 
saved. 

For  sheep,  it  may  be  assumed  that  49.33  ^  of  the  dry  matter  of 
the  food  goes  into  the  excrements,  and  that  the  fresh  excrements 
contain  73  %  of  water  and  27  %  of  diy  matter.  Hence  the  factor 
1.83,  which,  when  multiplied  into  the  dry  matter  of  the  fodder, 
will  give  the  weight  of  the  fresh  excrement,  for 
27:  1::  49.33:  1.83. 

Here  again  the  weight  of  the  straw  used  for  bedding  must  be 
added  to  the  product  of  the  multiplication.  Thus,  a  60  lb.  sheep 
eating  2  lb.  of  dry  matter  daily,  and  bedded  with  three- fifths  of  a 
pound  of  straw,  will  produce  about  three-quarters  of  a  ton  of 
manure  in  a  year.  The  amount  of  manure  would  naturally  be 
less  in  case  the  animals  were  pastured,  or  bedded  only  part  of  the 
year.  For  sheep  in  fold,  the  daily  product  of  manure  may  be  got 
by  simply  multiplying  the  number  of  animals  by  3.7  {^  2  lb.  of 
dry  matter  multiplied  by  1.83,  as  before). 

Weight  of  any  Heap  of  Manure. 

Naturally  enough,  the  weight  of  a  cubic  foot  of  manure  will 
vary  very  much  according  as  the  manure  is  more  or  less  wet.  As 
will  be  seen  in  the  next  chapter,  Henry  Stewart  found  that  fresh 
horse-manure  tightly  packed  might  weigh  as  much  as  64  lb.  to 
the  C.  F.  and  that  fresh  cow-manure,  free  from  litter,  similarly 
packed,  weighed  66.5  lb.  to  the  C.F.,  while  S.  W.  Johnson  ex- 
amined a  tolerably  fresh  (but  less  moist)  sample  of  horse-manure 
that  weighed  no  more  than  35  lb.  to  the  C.  F.,  and  a  poor  sample 
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of  barnyard-manure  (from  young  cattle)  that  weighed  40  lb.  to  the 
C.  F.  But  it  is  not  difficult  to  estimate  the  quantity  of  manure  in 
any  given  pile  or  bed  if  only,  after  the  pile  has  been  measured, 
pains  are  taken  to  pack  and  weigh  a  fair  sample  of  the  manure  in 
a  box,  or  cart-body,  of  known  dimensions,  and  to  calculate  the 
weight  of  the  whole  heap  from  that  of  the  sample.  For  example, 
if  from  a  stable  of  milch  cows,  which  have  been  bedded  with 
straw,  there  has  accumulated  in  the  cellar  a  bed  of  half-rotted 
manure  20  feet  long,  10  feet  wide  and  4  feet  high,  and  it  is  noted 
that  this  manure  is  moist  indeed,  but  not  dripping  wet,  it  is  not 
unlikely  that  the  manure  may  weigh  something  like  60  lb.  to  the 
cubic  foot.  But  if  this  assumption  be  true,  then  the  heap  20X10 
X  4  will  contain  800  C.  F.  (or  rather  more  than  6  cords) ,  and  will 
weigh  800  X  60  =  48,000  lb.,  or  24  tons. 
Well-rotted  Manure, 

In  the  light  of  what  is  now  known  as  to  the  chemistry  of  the 
subject,  and  particularly  in  view  of  the  practicability  of  supple- 
menting farm-manure  nowadays  with  artificial  fertilizers,  it  is  safe 
to  say  that  most  farmers  unduly  esteem  old  fermented  manure, 
which  has  been  forked  over  repeatedly,  and  has  rotted  until  it  has 
become  a  soft  black  mass. 

It  is  essential  indeed  that  manure  shall  never  be  applied  to  a 
crop  in  such  condition  or  in  such  quantity  that  the  crop  may  be 
injured  by  the  putrefaction  of  the  manure.  It  hardly  needs  to  be 
said  that  if  a  large  lump  of  fresh  manure  were  put  into  the  earth 
of  a  flower-pot  in  which  a  plant  was  growing,  it  would  be  apt  to 
kill  the  plant.  The  roots  of  the  plant — far  from  insinuating 
themselves  into  the  crevices  in  the  lump  of  fresh  manure  or  of 
clasping  and  clinging  to  it  as  they  might  do  if  the  manure  were 
thoroughly  rotted  —  would  be  repelled,  and  those  roots  which  did 
come  into  contact  with  the  manure  would  be  apt  to  become  mouldy 
and  rotten  through  the  action  of  micro-organisms  with  which  the 
fresh  manure  is  charged.  So  too,  if,  in  transplanting  a  tree,  the 
roots  were  placed  immediately  upon  a  mass  of  fresh  manure,  the 
tree  would  probably  die.  But  it  will  be  noticed  that  such  accidents 
as  these  are  due  to  the  large  quantity  of  fresh  manure  which  has 
come  in  contact  with  the  roots  of  the  plants,  and  that  there  can 
be  little  if  any  risk  of  trouble  of  this  sort  in  field  practice,  pro- 
vided the  manure  has  been  applied  in  suitable  quantity  and  has 
been  thoroughly  mixed  wit^^  the  soil  before  a  crop  is  planted. 
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On  the  other  hand,  there  eun  be  no  doubt  as  to  the  great  ferti- 
lizing power  of  fermented  dung,  nor  of  the  fact  that  it  admits  of 
being  distributed  more  evenly  and  worked  into  the  soil  more 
thoroughly  than  long  manure.  For  light  land,  and  for  soils  in- 
adequately supplied  with  moisture,  well-rotted  manure  may  be 
vastly  better  than  long  manure,  because  it  helps  to  retain  the  store 
of  moisture  in  the  soil,  instead  of  working  to  dissipate  it  by  light- 
ening and  opening  the  land.  It  is  a  maxim  of  English  farmers, 
that  short  dung  or  artificial  fertilizers  should  be  used  for  turnips 
'on  dry  soils.  But  on  low-lying  land,  and  on  heavy  soils,  fresh 
manure  may,  on  the  whole,  be  preferable.  Long  fresh  manure 
might  safely  be  ploughed  in  before  winter  also,  for  the  use  of  a 
spring  crop,  although  wholly  improper  for  application  in  the  spring 
to  light  land. 

A  distinction  must  be  made,  of  course,  between  mere  cow-dung 
such  as  is  thrown  out  from  most  American  barns,  and  the  ''  stable- 
manure"  of  European  writers,  which  is  dung  (and  urine)  admixed 
with  much  straw  or  other  litter.  In  general,  well-rotted  manure 
will  be  less  apt  than  fresh  dung  and  urine  would  be  to  excite  rank 
growth,  such  as  would  cause  a  grain  crop  to  run  to  leaf.  Many 
farmers  have  flattered  themselves  with  the  belief  that  well-rotted 
manure  must,  generally  speaking,  contain  fewer  seeds  of  weeds 
than  fresh  manure,  and  there  is  undoubtedly  something  of  truth 
in  this  conception,  though,  as  every  one  knows,  the  fact  of  the 
matter  is  that  stable-manure,  no  matter  how  old,  is  ordinarily  so 
highly  charged  with  weed-seeds,  that  there  is  practically  no  great 
difference  to  be  allowed  for  between  fresh  and  rotted  manure,  on 
this  account.  Meanwhile,  it  is  worthy  of  remark  that  no  one 
knows  as  yet  whether  fresh  manure  may  not  contain  a  larger  pro- 
portion than  old  manure  of  the  spores  of  the  parasitic  fungi  which 
do  such  good  service  upon  the  roots  of  clover  and  of  some  other 
crops.  There  can,  of  course,  be  little  doubt  that  very  old  manure, 
when  once  it  is  distributed,  is  one  of  the  best  possible  breeding- 
places  of  those  useful  organisms  which,  as  is  now  known,  are  the 
moving  cause  of  nitrification ;  whence  it  follows  that  the  applica- 
tion of  old,  thoroughly-rotted  dung  may  be  regarded  as  one  exciting 
cause  for  fermenting  and  fertilizing  the  inert  humus  which  is  already 
in  the  fields.  Yet  it  is  none  the  less  true,  that  chemists,  almost 
without  exception,  are  in  favor  of  applying  dung  and  urine  to  the 
land  in  the  freshest  possible  state ;  and  that  many  of  the  most  sue- 
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cessful  and  celebrated  among  practical  agriculturiBts  are  entirely 
of  the  chemists'  opinion. 

Fresh  urine,  in  particular,  contains  those  highly  important  chemi- 
cal substances,  urea,  uric  acid,  and  hippuric  acid,  which  are  known 
to  be  admirable  nitrogenous  fertilizers,  and  which  we  can  no  longer 
hope  to  find  in  well-rotted  manure.  The  moment  any  kind  of  ma- 
nure begins  to  ferment,  no  matter  where,  it  gives  off  some  of  its 
substance  in  the  form  of  gas ;  but  if  the  fermentation  occurs  within 
the  soil,  it  w'  1  be  gradual,  and  the  products  of  decay  can  be  uti- 
lized by  the  neighboring  plants.  Moreover,  fresh  manure,  in  fer- 
menting within  the  soil,  will  act  upon  the  soil  advanti^eously  in 
various  ways.  It  will  not  only  play  the  part  of  a  ferment,  and  so 
tend  to  decompose  the  inert  nitrogen  compounds  of  the  humus, 
but  the  products  of  its  decomposition  will  act  as  disintegrating 
agents  upon  the  insoluble  portions  of  the  soil.  There  are,  in  short, 
many  reasons  for  believing  that  a  larger  proportion  of  the  useful 
constituents  of  mere  dung  can  be  utilized  by  burying  it  in  the  soil 
when  fresh,  than  if  it  be  left  to  ferment  in  heaps.  The  horse- 
manure  just  now  alluded  to  may  be  cited  as  a  case  in  point. 
Everybody  admits  the  efficacy  of  horse-dung  from  stables  when  it 
is  applied  to  the  soil  in  the  fresh  unfermented  condition,  but  there 
are  many  farmers  who  justly  set  no  great  value  on  horse-manure 
from  which  the  goodness  has  been  ^^  burned  out,"  as  the  term  is, 
in  the  process  of  hot  fermentation.  Then  again,  there  is  to  be 
remembered  the  probability  that  some  of  the  nitrogen  in  fermented 
manures  may  have  passed  into  the  inert,  humus-like  condition. 
Bankneas  of  Fresh  Manure, 

There  are  nevertheless  several  practical  considerations  which . 
count  in  favor  of  using  well-rotted  manure,  especially  in  case  the 
manure  is  to  be  used  on  grain  by  itself,  and  not  in  conjunction 
with  an  artificial  fertilizer.  Many  practical  men  have  urged  that 
fresh  manure,  even  if  it  does  not  actually  injure  the  crop  to  which 
it  is  applied,  may  still  tend  to  the  production  of  stems  and  leaves, 
rather  than  of  seeds  and  fruit.  This  remark  is  particularly  true 
of  wheat  in  moist  climates.  In  the  words  of  an  English  farmer, 
<'  There  is  no  crop  about  which  we  should  be  so  cautious  as  about 
the  wheat-crop.  If  you  give  a  root-crop  more  help  than  is  neces- 
sary 9  yon  waste  so  much  money,  unless  the  manure  remain  in  the 
ground  ;  but  if  wheat  be  over- fed,  in  a  wet  season  it  goes  down, 
or  in  a  dry,  cold  May  it  is  mildewed.  .  .  The  better  the  land, 
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the  more  the  wheat  will  be  mildewed ;  and  the  better  farmed  the 
land  is,  the  more  will  the  wheat  be  mildewed." 

In  Europe,  there  is  a  wide-spread  belief  that,  while  fresh  ma- 
nure may  perhaps  be  beat  for  forage  crops,  well-rotted  manure  or 
compost  is  better  suited  for  the  production  of  grain  or  seeds ;  and, 
on  this  account,  in  many  regions  manure  is  applied  by  preference 
to  a  preparatory  crop  rather  than  directly  to  grain.  Cobbett  even 
went  so  far  as  to  assert  as  *'  certainly  time,  that  dung  is  not  the 
best  sort  of  manure  for  a  garden.  It  may  be  mixed  with  other 
matter,  and  if  very  well-rotted,  and  almost  in  an  earthy  state,  it 
may  not  be  amiss ;  but  if  otherwise  used,  it  certainly  makes  the 
vegetables  coarse  and  gross  compared  to  what  they  are  when  raised 
with  the  aid  of  ashes,  lime,  chalk,  rags,  salt  and  composts.  Be- 
sides, dung  creates  innumerable  weeds.  It  brings  the  seeds  of 
weeds  along  with  it  into  the  garden,  unless  it  has  first  been  worked 
in  a  hot-bed,  the  heat  of  which  destroys  the  vegetative  quality  of 
the  seeds." 

Even  in  respect  to  forage  crops,  excessive  rankness  may  not  be 
wholly  desirable.  Thus,  German  farmers  have  urged  that  although 
clover- fields  which  have  been  top-dressed  with  dung  in  the  autumn 
may  yield  an  extraordinai-y  increase  of  crop,  such  over-dunged 
clover  is  not  readily  eaten  (when  green)  by  animals.  It  is  said 
in  Germany  that  fresh  stable-manure  makes  the  flax-plant  grow 
long  and  stout,  but  that  the  fibre  is  coarse.  Hence  a  preference, 
in  this  case  also,  for  land  which  has  been  manured  beforehand. 

As  will  be  seen  in  the  chapter  relating  to  night-soil,  the  objec- 
tionable rankness  of  fresh  manure  is  particularly  well-marked  in 
the  case  of  human  excrements.  Those  nations  which  most  freely 
use  night-soil  take  special  pains  to  mitigate  this  rankness  by  pro- 
cesses of  fermentation  and  of  composting.  But,  manifestly,  the 
rankness  of  fresh  dung  and  urine  could  be  controlled  and  utilized 
by  applying  the  manure  in  small  quantities  and  supplementing  it 
with  artificial  fertilizers  of  kinds  appropriate  to  the  crops  that  are 
to  be  grown. 

This  same  fear  of  the  forcing  effects  of  fresh  manure  has  often 
led  farmers  to  apply  it  in  autumn  to  land  that  is  not  to  be  sown 
until  the  next  spring.  In  the  old  days  of  common  fields,  manure 
was  habitually  ploughed  into  fallow  land  in  the  spring  or  early 
summer,  several  months  before  the  time  for  sowing  grain.  By 
soaking  into  the  soil,  the  soluble  constituents  of  the  manure  are 
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diluted,  as  it  were,  and  the  material  is  brought  to  a  condition  not 
unlike  that  obtained  by  rotting  manure  in  heaps ;  though  in  all 
probability,  the  mitigation  of  the  manure  may  depend  in  some 
part  on  an  actual  loss  of  highly  useful  constituents. 

In  many  fertile,  new  countries  —  notably  in  several  of  our  own 
Western  States  —  farmers  are  often  put  to  considerable  trouble  in 
throwing  away  the  manure  which  is  produced  in  their  barns  and 
yards.  It  is  customary  in  those  regions  to  haul  out  the  manure 
from  the  farmyard  occasionally  and  dump  it  into  the  nearest  river 
or  bog-hole,  or  to  leave  it  to  decay  in  some  waste  place  It  is  to 
be  presumed  that  the  first  settlers  in  such  places  were  taught  by 
experience  that  on  land  already  sufficiently  charged  with  good 
humus,  manure  may  do  more  harm  than  good. 
Too  muck  Manure  is  Harmful. 

It  needs  to  be  understood,  of  course,  that  the  difference  between 
the  action  of  fresh  and  rotted  manure  is  one  of  degree  merely. 
Large  dressings  of  any  kind  of  dung  will  cause  rank  growth  and 
be  hurtful  to  some  crops,  such  as  grain  and  many  of  the  grasses. 
It  is  a  matter  of  yearly  obseiTation,  in  laying  down  land  to  timo- 
thy or  orchard-grass,  that  not  these  grasses  but  bunches  of  coarse 
weeds  grow  on  those  parts  of  the  field  where  heaps  of  manure 
have  lain ;  and  it  is  noticeable  that  these  blemishes  are  particu- 
larly conspicuous  in  cases  where  the  heaps  have  contained  some 
night-soil.  So  too,  in  case  a  well-established  grass-field  were  to 
be  very  heavily  top-dressed  with  manure,  the  grass  would  grow 
close  and  rank,  with  soft  and  tender  stems  not  well- fitted  to 
sustain  the  great  weight  of  the  crop.  Such  grass  might  be  mown 
frequently  and  fed  out  green,  but  if  it  were  allowed  to  stand  long 
enough  to  be  cut  for  hay  it  would  be  apt  to  lodge  and  then  to  rot 
at  the  roots. 

It  is  easier,  however,  to  deal  with  heavy  crops  of  grass  in  coun- 
tries where  the  summers  are  hot  and  dry,  than  it  is  in  regions  that 
are  more  moist.  Thus,  Gasparin  has  said  of  the  South  of  France 
that  the  farmers  there  are  not  afraid  to  cut  4  tons  of  hay  to  the 
acre  on  their  permanent  mowing-fields,  while  at  Lille,  in  Noi*them 
France,  Kuhlmann  regarded  3  tons  to  the  acre  as  excessive. 
Some  kinds  of  useful  plants,  it  is  true,  can  bear  this  rankness  of 
manure,  notably  hemp,  potatoes,  Indiancom  and  turnips,  and  it 
has  been  said  by  practical  men  that  it  is  impossible  to  over-ma- 
nure fields  on  which  rape  is  to  be  grown,  or  a  mixture  of  vetches 
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and  ray-grass.  Chaptal  insisted  in  his  day  that  in  Belgium  the 
custom  was  to  employ  night- soil  in  the  first  year  of  its  decomposi- 
tion for  growing  hemp,  flax  and  rape-seed,  and  to  use  it  in  the 
second  year  for  the  cereal  grains.  On  some  parts  of  the  fertile 
plains  of  Hungary,  where  * '  the  land  will  gi-ow  wheat  year  after 
year  without  manure,  if  manured,  it  must  not  be  for  wheat,  but 
for  rape  or  Indian  corn,  and  then  (i.e.,  in  the  next  year)  wheat 
stands  up  well ;  but  if  dressed  with  dung,  it  lodges."  ( Wrighteon . ) 
On  some  of  the  f enlands  of  England  —  cultivated  under  a  four- 
course  rotation  of  roots,  barley,  clover,  and  wheat  —  the  whole  of 
the  farmyard-manure  was  applied  to  the  roots,  and  sometimes  it 
was  supplemented  by  artificial  fertilizers. 

In  cases  where  neither  roots  nor  pulse  were  grown,  it  was  for- 
merly held  in  England  that  the  manure  for  wheat  should  be  applied 
to  a  bare  fallow  as  early  in  the  summer  as  possible.  An  English 
farmer,  writing  in  1847  on  the  management  of  wheat,  remarked 
that,  "  The  practice  of  manuring  immediately  before  sowing 
wheat,  though  still  adhered  to  in  many  parts  of  the  country,  is 
objectionable."  So,  too,  as  Marshall  tells  us,  in  times  when  the 
farmers  of  East  Norfolk  were  accustomed  to  plough  under  farm- 
yard-manure in  summer  upon  fallow  fields  which  were  subsequently 
to  carry  wheat,  the  practice  was  to  begin  to  sow  the  wheat  between 
the  17th  and  24th  of  October,  and  to  continue  to  sow  through 
November,  or  even  into  December.  *  *  The  reason  which  the 
Norfolk  husbandmen  give  for  sowing  their  wheat  so  late,  compared 
with  the  practice  of  other  light-land  counties,  is  that  their  early- 
sown  wheats  are  liable  to  be  winter- proud,  and  run  too  much  to 
straw.  .  .  .  Where  the  soil  is  good,  and  the  wheat  apt  to  run  too 
much  to  straw,  some  few  judicious  farmers  (in  the  year  1780) 
set  their  manure  upon  the  young  clover,  thereby  checking  the 
effect  of  rankness  to  the  wheat.  .  .  .  Land  which  has  previously 
been  heavily  dunged  for  turnips  requires  no  further  addition  of 
manure  for  wheat." 

Manufacturers  of  sugar  in  Europe  long  ago  recognized  the 
fact  that  the  quality  of  beet-juice  is  injured  when  the  beets  are 
fertilized  with  dung-liquor  or  with  heavy  dressings  of  farmyard- 
manure  applied  in  the  spring.  It  is  said  also  that  the  quality  of 
tobacco  is  injured  by  manuring  the  land  too  heavily,  and  especially 
by  applying  night-soil,  or  by  watering  the  growing  plants  with 
liquid  manure,  though  tobacco  is  a  crop  which  needs  to  be  richly 
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fed  and  which  can  bear  heavy  dressings  of  the  right  kinds  of  ma- 
nures. I^actical  men  assert  that  the  quality  of  tobacco  grown  on 
land  which  has  been  dressed  with  farmyard-manure  in  the  autumn 
is  usually  better  than  that  of  tobacco  which  has  been  manured  in 
the  spring ;  and  it  is  directed  that  when  manure  has  to  be  applied 
in  the  spring  it  should  be  worked  into  the  land  as  long  before  the 
plants  are  set  out  as  may  be  possible.  According  to  Nessler, 
tobacco  grown  upon  fields  which  have  borne  tobacco  the  year  be- 
fore is  often  of  exceptionally  good  quality.  A.  Mayer  observed 
in  Holland  that  the  percentage  of  nitrogen  in  tobacco  was  larger 
on  fields  which  had  been  manured  in  the  autumn  than  upon  fields 
manured  in  the  spring,  and  he  attributes  this  resiilt  to  the  more 
thorough  nitrification  of  the  manure  which  has  been  longest  in  the 
soil.  But  he  noticed  also  upon  fields  which  received  nitrate  of 
potash  as  a  reinforcement  that  the  best  results  were  obtained 
where  the  farmyard-manure  had  been  applied  in  the  autumn. 

Boussingault  was  disposed  to  attach  considerable  importance  to 
the  influence  of  climate  upon  the  decomposition  of  manure  in  the 
soil.  He  sums  up  as  follows.  In  warm,  damp  countries  it  may 
be  conceived  that  it  is  a  matter  of  indifference  whether  farmyard- 
manure  is  put  into  the  ground  quite  fresh,  or  more  or  less  thor- 
oughly decomposed ;  for,  thanks  to  the  heat  of  the  climate,  the 
decomposition  will  be  rapid  enough  anyway.  But  it  may  be  other- 
wise in  cold  climates  where  the  temperature  which  excites  and 
maintains  vegetation  is  of  comparatively  short  duration,  and  must 
at  once  be  taken  advanti^e  of.  In  such  places  the  ground  is  so 
cold  that  during  a  great  part  of  the  year  organic  matters  buried 
in  it  would  be  preserved  with  comparatively  little  change.  Under 
such  climatic  conditions,  there  is  no  doubt  that  well-decomposed 
manures  are  preferable  to  those  that  are  fresh  and  long.  The  ex- 
tensive use  of  liquid  manures  in  Switzerland,  he  suggests,  is  an 
illustration  of  the  estimation  in  which  quick-acting  fertilizers  are 
held  in  places  where  immediate  advantage  must  be  taken  of  a 
short  summer. 

Some  Crops  can  Bear  Manure. 

Many  instances  might  be  cited  from  the  experience  of  Ameri- 
can farmers  in  illustration  of  the  foregoing  statement  of  Bous- 
singault. In  the  Northern  United  States  there  need  be  little 
hesitancy  in  manuring  Indian  corn  freely,  for,  unlike  wheat  and 
oats,  and  barring  accidents,  corn  can  stand  up  and  yield  grain 
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even  on  very  fertile  land  and  when  richly  fed.  Squashes,  pump- 
kins and  melons  may  be  grown,  near  Boston,  on  spots  where  ma- 
nure heaps  have  lain,  or  even  on  the  compost  heap  itself.  But  in  . 
Cuba  it  would  hardly  be  wise  to  apply  much  manure  to  maize,  for 
there  —  as  in  the  southernmost  American  States  —  it  exhibits  a 
strong  tendency  to  run  to  leaves  and  stalks.  Perhaps  maize  is 
seen  in  its  fullest  perfection  in  a  moderately  warm  climate  like 
that  of  Ohio  and  Illinois.  So  too,  with  oats,  in  Cuba  the  crop  is 
practically  a  grainless  grass,  and  oats  are  seldom  sown  there  ex- 
cept to  be  mown  as  grass.  In  respect  to  winter  wheat,  it  has 
been  said  that  nowhere  in  the  United  States  can  it  be  safely 
grown  on  such  nch  land  as  is  habitually  devoted  to  wheat  in  Eng- 
land and  Scotland.  In  Cuba,  tobacco  is  cultivated  only  on  sandy 
loams  that  are  not  too  rich,  and  only  in  the  winter  season,  when 
rains  are  infrequent  and  the  conditions  are  not  favorable  for  rank 
and  rapid  growth.  The  plant  can  grow  indeed  most  luxuriantly 
during  the  hot,  moist  summer,  but  the  leaves  produced  in  summer 
are  not  esteemed.  (Russell.)  So  too  in  Sumatra,  tobacco  is 
grown  on  rather  poor  soils  which  are  but  lightly  manured,  while  in 
Europe  this  crop  can  be  grown  with  profit  only  on  rich  soils  that 
are  heavily  manured.     (A.  Mayer.) 

Merit  of  Fresh  Manure. 

Having  in  view  the  climate  of  Central  Europe,  Walz,  a  noted 
German  agriculturist,  wrote  with  a  great  deal  of  force  in  favor  of 
carrying  fresh  dung  to  the  fields.  He  remarks  upon  the  fact  that, 
upon  many  South  German  farms,  after  the  manure  has  all  been 
hauled  out  in  autumn,  the  dung-heaps  are  left  to  accumulate  during 
half  a  year,  not  being  disturbed  again  until  the  next  spring; 
whereas  during  the  summer  season  the  manure  is  often  hauled  out 
upon  the  fallow  fields  after  having  lain  in  the  yard  no  longer  than 
5  or  6  weeks.  But  it  is  noticed  that  under  these  circumstances 
there  is  always  much  more  manure  to  haul  from  a  given  number  of 
cattle  in  summer  than  in  winter,  — in  places,  that  is  to  say,  where 
the  cattle  are  all  the  while  kept  in  stall. 

Attempts  have  been  made  to  explain  this  fact  on  the  assump- 
tion that  an  increase  of  dung  is  caused  by  the  green  food  which  is 
given  to  the  cattle  in  summer.  But  this  idea  is  refuted  at  ooce  by 
the  facts  that  the  duug-heaps  increase  just  as  fast  during  April  and 
May,  before  the  animals  get  any  green  food,  as  they  do  afterwards, 
and  that  the  rapid  accumulation  of  dung  in  summer  is  just  as  well 
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marked  in  the  case  of  fattening  cattle  and  draught  oxen,  that  have 
received  no  green  food.  Manifestly  the  chief  cause  of  this  appar- 
ent increased  production  of  dung  is,  that  a  smaller  proportion  of 
the  dung  is  wasted  by  decay  in  the  heaps  when  the  heaps  are  new 
and  small. 

But,  as  Walz  urges,  it  is  good  practice  to  carry  the  fresh  dung 
to  the  field  for  the  mere  sake  of  availing  one's  self  of  the  increase 
of  bulk ;  for  the  fresh  manure  expends  to  better  advantage,  i.  e., 
it  may  be  made  to  fertilize  a  larger  surface  than  if  it  were  left  to 
shrink  in  the  barnyard  heaps. 

He  narrates  how  his  own  attention  was  emphatically  called  to 
this  subject,  when  he  was  a  young  man,  by  the  circumstance  that 
he  had  a  field  so  situated  that  the  manure  had  to  be  hauled  upon  it 
in  winter.  He  computed  how  many  loads  of  manure  would  dress 
the  field,  and  proceeded  to  have  the  manure  hauled  out  in  February 
when  the  ground  was  frozen.  He  carried  out  36  wagon  loads  in  all, 
and  had  them  piled  up  in  two  heaps.  But  when  he  came  to  spread 
the  manure,  seven  weeks  afterwards,  there  were  only  24  wagon 
loads  of  it  to  be  found. 

His  farm  was  at  that  time  a  good  deal  run  down,  and  on  the 
system  which  he  had  previously  been  following  of  never  spreading 
anything  but  half -rotted  dung,  —  in  the  belief  that  manure  was  best 
when  used  in  that  condition,  —  he  had  each  year  been  unable  to 
make  manure  enough  to  dress  all  his  fields. 

Hence  it  happened  that  he  fell  into  the  habit  of  hauling  out  fresh 
dung  to  make  up  the  deficiency,  so  that  he  frequently  had  oppor- 
tunity to  compare  the  effect  of  the  two  kinds  of  manure  where  they 
were  put  into  competition  with  one  another  upon  the  same  field. 

Indeed,  it  even  happened  that  the  fresh  dung,  being  stretched 
as  it  were  to  the  utmost  to  make  up  the  deficiency,  was  spread 
rather  thinner  than  the  rotted  dung.  But  Walz  was  never  able  to 
detect  any  difference  either  in  the  appearance  of  the  crops,  or  the 
number  of  sheaves  of  grain,  or  in  the  yield  of  dressed  grain. 

So  that  by  taking  the  two  hints,  especially  the  one  offered  by 
the  shrinkage  of  the  heaps  of  dung  in  the  field,  he  was  led  to  carry 
out  methodically  all  the  manure  of  the  farm  in  the  freshest  possible 
condition ;  and  the  longer  he  practised  this  system,  the  more  firmly 
was  he  convinced  of  its  great  superiority.  From  the  time  when  he 
seriously  began  to  use  idl  the  manure  in  the  fresh  state,  he  had  no 
trouble  in  getting  enough  of  it  to  dress  all  his  fields. 
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Walz  has  suggested,  that  the  loss  of  manure  by  decay  may  be 
seen  very  clearly  by  contrasting  the  effect  of  folding  sheep  with  the 
effect  obtained  by  using  sheep-manure  that  has  been  hauled  from 
the  stable.  In  his  practice,  200  sheep  were  folded  for  240  nights, 
on  the  average  of  years,  upon  18  Morgen  of  land.  During  the 
remaining  125  days  of  the  year  the  sheep  were  kept,  upon  equally 
good  food,  80  whole  days  and  nights  in  stall,  on  the  average  of 
years,  plus  45  nights.  When  in  stall,  the  sheep  were  littered  with 
from  one-third  to  one-half  a  pound  of  straw  per  head  and  per  day. 

In  May  the  sheep-manure  was  hauled  out  and  spread  for  a  rape- 
crop  upon  three  Morgen  of  strong  land  contiguous  to  the  land  that 
had  been  folded  upon.  But  during  the  six  years  that  comparisons 
were  made,  the  rape-crop  was  always  as  good  on  the  land  where 
sheep  had  been  simply  folded  as  upon  the  land  tliat  had  been  dressed 
with  the  sheep-dung,  and  in  two  instances  the  folded  land  carried 
better  crops  than  the  other;  and  precisely  the  same  effect  was 
noticed  in  regard  to  the  winter  grain  that  succeeded  the  rape,  and 
in  respect  to  all  the  crops  that  followed  the  grain  in  the  rotation. 

Hence  it  appeared  that  the  stall  manure  of  i  the  year  went  only 
one-sixth  as  far  as  the  folding  of  ^  of  a  year,  although  80  days  as 
well  as  nights  are  to  be  counted  in  favor  of  the  production  of  the 
stall  manure,  and  although  124  cwt.  of  straw  were  commingled 
with  the  dung,  and  although  the  dung  and  straw  were  trampled 
down  hard  by  the  animals,  so  that  the  access  of  air  was  much  less 
than  it  would  be  in  a  mere  heap.  The  loss  through  decay  was 
equal  to  the  whole  of  the  straw  and  half  the  droppings  of  the 
animals. 

MecJianical  Effect  of  Manure. 

It  is  a  common  remark  of  farmers,  that  the  character  of  the  land 
upon  which  one  or  another  kind  of  manure  is  to  be  put  must  be 
considered.  Fresh,  strawy  manure,  they  say,  might  decompose 
readily  enough  on  loams  of  light  or  medium  character  that  are  not 
too  dry,  while  long  manure  too  deeply  buried  in  clay  or  very  heavy 
loam  might  sometimes  decompose  there  more  slowly  than  would  be 
desirable,  because  the  compactness  of  the  soil  particles  would  hinder 
the  access  of  air. 

It  is  manifestly  impossible,  however,  to  make  any  general  state- 
ments of  this  character  which  shall  be  true  of  all  cases  and  places. 
Variations  as  to  climate  and  rainfall,  as  to  the  times  and  seasons 
when  crops  are  to  be  grown,  and  as  to  the  kind  of  crops,  will 
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naturally  bring  in  greater  differences  than  those  which  subsist 
between  fresh  and  rotten  manure.  Thus  it  has  often  been  objected 
to  horse-manure  on  light,  sandy  soils,  that  it  decomposes  there  too 
rapidly,  and  shows  less  endurance  or  lasting  effect  than  is  deemed 
to  be  desirable.  Hence,  perhaps,  one  reason  why  many  practical 
men  think  it  best,  on  the  whole,  not  to  use  horse-manure  by  itself, 
but  rather  in  admixture  with  cow-manure  and  the  dung  of  swine. 
But  on  the  other  hand,  it  has  been  urged  that  horse-manure  helps 
to  loosen  heavy  land  by  means  of  the  straw  with  which  it  is  ordi- 
narily admixed.  Most  commonly,  perhaps,. it  has  been  held  that 
horse-manure  and  manure  from  sheep-stables  should  be  applied  by 
preference  to  cold,  clayey  loams,  or  to  moist  soils  rich  in  humus, 
where  decay  will  not  be  too  rapid,  and  where  these  *'  hot "  manures 
will  tend  to  warm  and  enliven  the  land.  The,  comparatively  speak- 
ing, cold  and  slowly  fermentable  cow-manure,  on  the  contrary,  is 
preferred  for  warm,  light  soils,  rather  than  for  those  that  are  stiff, 
or  cold,  or  rich  in  humus. 

Influence  of  Manure  on  Soil-moisture, 

Beside  these  palpable  mechanical  effects,  there  are  others,  still 
more  important,  due  to  the  soluble  matters  in  the  manure  acting 
to  alter  the  arrangement  of  the  soil-particles  and  thus  to  change 
the  relations  of  the  soil  towards  the  movements  of  water  within  it 
and  to  increase  or  diminish  its  power  of  holding  water.  It  is 
known  to  practical  men  that  farmyard-manure,  and  other  ferti- 
lizers, have  Very  important  effects  in  that  they  enable  crops  to 
withstand  droughts,  and  it  was  observed  many  years  ago  by  F. 
Schulze,  on  the  occasion  of  his  investigation  of  the  capillary 
movements  of  saline  solutions,  that  the  soluble  constituents  of 
manure  must  exert  no  inconsiderable  influence  on  the  texture  of 
soils.  This  matter  has  been  studied  in  some  detail  by  M.  Whit- 
ney, who  has  proved  that  solutions  of  several  substances  lower 
the  surface  tension  of  water  very  considerably,  and  lessen  the 
capillary  power  of  the  soil  to  lift  water  from  below  to  supply  that 
lost  by  evaporation  and  transpiration.  He  finds  that  an  aqueous 
extract  of  stable-manure  has  less  lifting  power  than  pure  water, 
and,  as  will  be  explained  under  Lime,  he  has  noticed  some  very 
curious  and  important  reactions  when  lime  and  stable-manure  are 
mixed  with  soils  and  sands. 

Another  point  of  interest  is  the  rapidity  with  which  the  soluble 
portions  of  stable-manure  may  clog  a  soil  and  hinder  the  flow  of 
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water  through  it.  Whitney  found,  on  passing  a  filtered  extract  of 
stable-manure  through  a  soil  which  had  50  %  by  volume  of  empty 
space,  that  the  rate  of  flow  speedily  decreased  to  such  an  extent 
that  the  experiment  could  not  be  continued.  After  6  successive 
100  cc.  portions  of  the  liquid  had  been  poured  upon  the  soil,  some 
2000  minutes  were  required  for  the  passage  of  100  cc.  These 
results  are  so  very  emphatic  that  Whitney  has  been  led  to  ask 
whether  the  application  of  fertilizers  should  not  properly  be  re- 
garded primarily  as  a  means  of  regulating  the  water  supply  of 
crops  rather  than  as  a  mere  providing  of  plant-food.  He  has  in 
fact  suggested,  as  a  probable  hypothesis,  that  the  most  important 
effect  of  stable-manure,  and  of  fertilizers  generally,  may  be  due 
to  their  influence  in  changing  the  relations  of  soils  to  moisture 
rather  than  to  the  amount  of  plant-food  they  may  add  to  the  soil. 
Shrinkage  of  Manure-Heaps. 

The  shrinkage  above  spoken  of  must  often  be  very  large.  6az- 
zeri  found  long  ago  that  horse-manure  lost  in  the  course  of  four 
months  more  than  half  the  dry  matter  that  was  contained  in  it 
before  the  putrefaction.  Several  of  the  older  agricultural  writers 
have  insisted  that  100  loads  of  fresh  manure  may  be  reduced  to  70 
or  75  loads  after  two  or  three  months'  fermentation,  and  even  to 
less  than  50  loads  at  the  end  of  a  year.  Payen  found  in  horse 
manure  taken  from  a  hot-bed  after  the  fermentation  had  run  its 
course  and  the  manure  had  become  cold,  no  more  than  1.58  ^  of 
nitrogen,  reckoned  on  the  manure  dried  at  212°,  in  place  of  2.07  % 
in  dried  fresh  manure.  Voelcker,  in  his  elaborate  experiments  on 
farm-manure,  noticed  that  mixtures  of  dung  and  litter  lost  from 
30  to  60  <%  of  the  original  weight  in  the  course  of  6  to  12  months' 
fermentation ;  or,  throwing  water  out  of  the  account,  the  loss  of 
dry  matter  amounted  to  from  one-half  to  two-thirds  of  that  con- 
tained in  the  fresh  manure.  The  proportion  of  organic  matter 
diminished  steadily  from  month  to  month. 

One  sample  of  the  mixed  manure,  which  when  dried  at  212°  F. 
contained  originally  83.5  %  of  organic  matter,  contained  no  more 
than  53  %  of  it  after  the  heap  had  been  left  lying  out  of  doors  for 
a  year.  But  while  the  quantity  of  the  manure  diminished  so 
seriously,  the  quality  of  it  suffered  no  great  depreciation  when  the 
fermentation  was  well  regulated.  On  the  contrary,  the  loss  of 
actual  plant-food  was  inconsiderable,  when  the  fermentation  was 
not  too  long  continued. 
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Even  in  a  heap  of  manure  exposed  to  the  weather  throughout 
the  year,  it  appeared  that  the  quality  of  the  manure  improved 
during  the  first  three  or  four  months  of  fermentation,  in  that  the 
proportion  of  soluble  matters  increased  to  such  an  extent  that  the 
efficacy  of  the  manure  must  have  been  considerably  enhanced. 
Subsequently,  this  manure  suffered  deterioration  when  rains  washed 
out  from  it  soluble  matters  and  a  considerable  poilion  of  the  avail- 
able nitrc^en.  This  waste  by  leaching  was  especially  rapid  in 
the  case  of  some  manure  that  had  been  spread  out  upon  the  sur- 
face of  the  ground,  but  it  was  conspicuous  also  in  heaps  of  manure, 
and  was  the  more  clearly  evident  in  proportion  as  the  manure  had 
been  longer  kept.  It  appeared,  indeed,  that  although  rotten 
manure  lost  weight  more  slowly  than  fresh  manure  which  was  ex- 
posed to  similar  conditions,  yet  the  rotten  manure  was  more  liable 
to  be  injured  by  rain  because  it  contained  a  larger  proportion  of 
soluble  matters  than  the  fresh  manure. 

While  recognizing  the  fact  that  for  certain  purposes  fresh  farm- 
manure  can  never  take  the  place  of  well  rotted  manure,  Voelcker 
urges  that  there  is  no  advantage  in  keeping  manure  too  long.  Six 
months,  perhaps,  may  be  taken  as  a  limit.  He  says,  ''  The  most 
effectual  means  of  preventing  loss  in  fertilizing  matters  is  to  cart 
the  manure  directly  to  the  field  whenever  circumstances  allow  this 
to  be  done." 

Wolff  records  a  loss  of  54  ^  in  the  case  of  an  80-ton  heap  of 
cow-manure  that  was  left  for,  a  year  freely  exposed  to  sun,  wind, 
and  weather.  The  loss  was  in  no  sense  due  to  evaporation  of 
water,  for,  on  stating  the  matter  in  terms  of  dry  substance,  i.  e., 
fresh  and  rotten  manure  from  which  all  water  had  been  dried  out 
at  212°  F.,  it  appears  that  the  dry  manure  had  lost  66J  %  of  its 
weight.  This  fact  of  an  absolute  loss  of  substance  must  be  kept 
in  view  whenever  analyses  of  fresh  and  of  rotted  dung  are  com- 
pared, for  the  figures  of  the  analyses  are  merely  relative,  and  they 
often  give  no  very  distinct  indication  as  to  how  much  of  any  par- 
ticular ingredients  has  been  lost. 

It  may  here  be  said  that,  as  a  general  rule,  by  far  the  largest 
part  of  the  matter  lost  from  manure-heaps  through  decay  con- 
sists of  compounds  of  carbon  and  hydrogen,  which  are  not  to 
be  classed  among  fertilizers,  and  which,  from  the  farmer's  point 
of  view,  are  really  non-essential.  On  examining  a  weather-beaten 
clot  of  cow-  or  horse-dung  as  it  lies  in  a  paa^pre)  or  on  stirring  a 
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small  quantity  of  the  fresh  dung  in  clear  water,  it  will  be  noticed 
that  the  dung  of  these  animals  consists  in  good  part  of  short  pieces 
of  undigested  hay  or  grass  ;  and  it  may  be  said  even  of  the  clear 
dung  —  though  much  more  forcibly  of  ordinary  manure  admixed 
with  litter  —  that  it  is  to  the  oxidation  of  useless  organic  matter 
that  the  shrinkage  of  manure-heaps  is  to  be  attributed  for  the 
most  part. 

Voelcker'a  Analyses  of  Farm-Manure. 
Some  of  the  figures  of  Yoelcker's  analyses  of  farmyard-manure 
have  been  set  forth  already  in  the  general  table  on  page  241. 
The  more  extended  statement  here  given  is  still  to  be  regarded  as 
a  very  brief  abstract  of  Voelcker's  original  memoir.  The  material 
operated  upon  was  a  mixture  of  cow,  horse  and  hog-manure ;  and 
it  is  to  be  noticed  that  two  separate  parcels  of  manure  were 
studied,  —  the  samples  described  at  6  and  8  months  old  being 
different  from  the  others. 

Fresh  Manure,  From  Heap  Under  Corer     Spread  <«7.ii  r«,m_i 

14  days  old,     3imo.  old.         3imo.       6  mo.  from    fi«rSli^JSr*.M 
KoT.  Feb.        Nov.'to  Feb.  Not.  to  May.  ^'"<*-  *>*^-  »  ™®-  •^**- 

Water      ....       66.17                69.83              67.32               80.02  75.42         73.90 

Soluble     organic 

matters     .    .    .        2.48                 8.86               2.63                 1.16  3.71  2.70 

Soluble  inorganic 

matters    ...         1.54                 2.97               2.12                 1.01  1.47  2.06 

Insoluble  oiganic 

matters    .    .    .        26.76                18.44              20.46                11.46  12.82         14.39 

Insoluble       inor- 
ganic matters  .         4.06                4.90               7.47                 6.36  6.68  6.96 

Nitrogen 

Soluble  in  water  0.15)  0.27)  0.17)    •  0.06)  0.30)           0.16) 

Insoluble  in  wa-         { 0.64               fo.74             { 0.75              { 0.54  U.61  { 0.76 

ter    .     .    .    .0.49)  0.47)  0.58)  0.45)  0.31)           0.61) 

Phosphoric  acid 

Soluble  in  water  0.14)  0.14)  0.16)  0.09)  0.18)           0.06) 

Insoluble  in  wa.         SO.32              SO.32            ( 0.46              (0.27  SO.45  $0.12 

ter      ....  0.18)  0.18)  0.30)  0.18)  0.27)           0.06) 

Potash     ....         0.67                 1.22                0.88                 0.42  0.40  1.06 

Lime LIO                 L34                1.92                 1.97  1.78  2.27 

MagnesU     ...         0.15                 0.05               0.08                 0.09  0.14  0.04 

Ammonia,  free    .         0.03                 0.02               0.02                 0.01  0.06  0.02 

Ammonia,    as    a 

salt 0.09                 0.06                0.05                 0.05  0.06  0.06 

Nitrates  ....       None.  Traces.      ^"J^*^         None.  None.    ^J^J* 

Several  highly  interesting  facts  are  made  manifest  by  these 
analyses;  particularly  on  contrasting  the  figures  which  refer  to 
fresh  manure  with  those  relating  to  manure  six  months  rotted. 
The  fresh  manure  was  an  intimate  mixture  of  the  droppings  of 
horses,  cows  and  pigs,  —  together  with  the  straw  used  as  litter  — 
that  had  lain  in  the^  dung-pit  not  more  than  14  days,  at  a  time 


CHANGES   IN   MANUKE.  305 

when  no  rain  had  fallen.  The  rotted  manure  was  a  well-mixed 
sample  of  dark  brown,  almost  black  color.  It  was  not  taken  from 
the  sdme  heap  as  the  fresh  manure,  but  from  the  bottom  of  a 
manure-pit,  though  it  was  produced  under  the  same  circumstances 
and  by  the  same  kinds  of  animals  as  the  other.  It  was  at  least 
six  months  old  and  appeared  to  be  well-fermented,  short  manure. 

The  analyses  show  that  the  proportion  of  soluble  matters  in  fresh, 
long  manure  is  comparatively  small.  On  the  other  hand,  the  pro- 
portion of  insoluble  matters,  especially  of  organic  matters  from  the 
straw,  is  very  lai'ge.  Both  these  circumstances  naturally  tend  to  ex- 
plain a  certain  slowness  of  action  which  has  often  been  attributed 
to  long  manure.  Through  the  presence  of  the  straw,  the  proportion 
of  soluble  nitrogen  in  the  fresh  manure  was  reduced  to  a  very  low 
figure.  Much  the  larger  part  of  the  nitrogen  in  the  fresh  manure 
was  in  an  insoluble  condition.  But  it  is  none  the  less  true  that  the 
soluble  nitrogen  was  a  specially  valuable  form  of  plant-food.  That 
it  was  a  constituent  of  substances  rich  in  nitrogen  appears  from 
the  facts  that  while  each  100  lb.  of  the  soluble  organic  matters  of 
the  fresh  manure  contained  6.041b.  of  nitrogen,  there  was  no  more 
than  1.92  lb.  of  nitrogen  in  the  100  lb.  of  insoluble  organic  matters. 

On  comparing  the  analyses,  it  will  be  seen  that  the  proportion 
of  insoluble  organic  matters  in  the  manure  diminished  very  much 
during  the  process  of  fermentation,  but  that  the  nitrogen  did  not 
waste  away  anything  like  so  rapidly  as  the  other  constituents  of 
the  organic  matter.  Indeed,  load  for  load,  the  manure  became 
much  richer  in  respect  to  nitrogen  as  it  changed  from  the  fresh  to 
the  rotted  condition.  Thus,  while  in  the  dry,  fresh  manure,  there 
were  76.15  ^  of  insoluble  organic  matters,  containing  1.46  ^  of 
nitrogen,  there  was  almost  as  much  nitrogen  (1.26  ^)  in  the 
52.15  ^  of  insoluble  organic  matters  that  were  contained  in  the 
dry,  rotted  manure.  In  other  words,  each  100  lb.  of  the  insoluble 
organic  matters  of  the  fresh  and  the  rotted  manures  contained 
respectively  1.92  lb.  and  2.41  lb.  of  nitrogen.  In  each  ton  of  the 
dry  material  there  was  38  lb.  and  48  lb.  of  nitrogen  accordingly  as 
the  manure  was  fresh  or  rotted.  Or,  supposing  the  two  kinds  of 
manure  were  equally  moist,  there  was  much  more  nitrogen  in  the 
old  than  in  the  recent  product. 

During  the  earlier  months  of  the  fermentation  a  considerable 
amount  of  the  organic  matter  in  the  manure  became  soluble  in 
water,  so  that  at  the  end  of  six  months  the  proportion  of  soluble 
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organic  matters  was  twice  as  large  in  the  well-kept  manure  as  it 
Lad  been  in  the  fresh  manure.  But  the  chief  part  of  this  change 
occurred  during  the  first  three  months,  and  it  was  evident  enough 
that  no  advantage  can  be  gained  on  this  account  by  keeping  manure 
too  long.  Meanwhile,  the  soluble  nitrogen  increased  from  0.44  % 
to  1.21  ^,  that  is  to  say,  the  proportion  of  soluble  nitrogen  be- 
came so  much  larger  during  the  process  of  decay  that  each  100  lb. 
of  the  dry  soluble  organic  matter  from  the  rotted  manure  contained 
8.02  lb.  of  nitrogen,  while  there  was  no  more  than  6.14  lb.  of  nitro- 
gen in  similar  material  obtained  from  the  fresh  manure. 

Naturally  enough,  the  proportion  of  ash-ingredients  increases 
during  the  fermentation  of  well-kept  manure  because  a  considerable 
amount  of  the  organic  constituents  of  the  manure  escape  in  the 
form  of  gas.  It  will  be  noticed,  on  comparing  the  fresh  and  the 
rotted  manures,  that  the  percentage  of  insoluble  inorganic  matters 
was  more  than  doubled.  There  was  in  fact,  an  increase  from 
12  ^  of  insoluble  ash  in  the  dry,  fresh  manure  to  26.8  ^  in  the 
dry  six-months  rotted  manure.  That  this  increase  really  depended 
on  the  waste  of  organic  matters  appears  from  the  facts  that  while 
the  fresh  manure  dried  at  212°  F.  contained  83.48  %  of  organic 
and  16.52  %  of  inorganic  matters,  the  rotted  manure,  similarly 
dried,  contained  only  68.24  ^  of  organic  matters  against  31.76  % 
of  inorganic. 

It  is  to  be  observed  furthermore  that  the  proportion  of  soluble 
ash-ingredients  in  the  six-months  rotted  manure  is  larger  than  it 
is  in  the  fresh  manure.  The  principal  constituent  of  the  soluble 
part  of  the  ashes  of  fresh  manure  is  silicate  of  potash,  and  it  is 
noteworthy  that  even  in  fresh  manure  a  considerable  amount  of 
phosphate  of  lime  is  in  the  soluble  condition,  but  in  the  rotted 
manure  there  was  found  a  still  larger  proportion  of  soluble  phos- 
phate of  lime  —  a  result  which  consists  with  the  well-known  fact 
that  in  the  decay  of  bones  the  solubility  of  the  bone-earth  is  pro- 
moted by  the  putrefaction  of  the  ossein. 

On  the  whole,  the  well-kept,  well-rotted  manure  was  richer, 
weight  for  weight,  than  the  fresh  manure  in  respect  to  soluble 
fertilizing  constituents  and  to  available  nitrogen.  It  would  proba- 
bly have  produced  a  more  immediate  and  a  more  powerful  effect 
on  vegetation  than  the  long  manure.  In  Voelcker's  own  words, 
"The  practical  result  of  these  changes  is  that  fresh  manure  in 
ripening  becomes  more   concentrated,  more  easily  available  to 
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plants,  and,  consequently,  more  energetic  and  beneficial  in  its 
action." 

The  other  analyses  mentioned  in  the  table  were  of  samples  of 
manure  that  had  been  exposed  under  varying  conditions,  to  test 
the  influence  of  the  weather.  It  will  be  noticed  that  the  injurious 
effect  of  rain  is  plainly  evident  in  the  case  of  the  manure  that 
was  spread  and  left  for  a  long  time  exposed.  As  the  analyses 
show,  the  mixed  farm-manure,  whether  fresh  or  rotted,  contained 
no  more  than  mere  traces  of  ammonia  in  the  volatile  form,  and 
only  trifling  amounts  of  ammoniacal  salts.  It  would  appear  that 
duiing  the  decay  of  such  manure  but  little  nitrogen  escapes  as 
volatile  ammonia,  though  considerable  quantities  of  ammonia  and 
of  other  valuable  matters  may  be  leached  out  from  dung-heaps  by 
rain. 

In  Yoelcker's  opinion,  as  stated  some  years  after  the  date  of 
these  analyses,  ^'  Neither  fresh  nor  rotten  dung  contains  an  appre- 
ciable amount  of  free  ammonia.  Under  good  management,  dung 
loses  none  of  its  essential  fertilizing  constituents,  and  neither  sun 
nor  wind  expels  any  volatile  ammonia  compounds  from  dung.  It 
appears,  therefore,  quite  unnecessary  to  keep  dung  in  closed  build- 
ings. In  localities  where  much  rain  faUs,  and  a  sufficient  amount 
of  litter  cannot  be  used  to  absorb  the  liquid  portion  of  the  manure, 
it  is  advisable  to  have  the  dung-yard  roofed  in  and  the  sides  open ; 
but  where  sufficient  litter  can  be  spared  in  the  making  of  the  ma- 
nure to  retain,  even  in  rainy  weather,  the  liquid  portion,  it  is  even 
unnecessary  to  put  a  roof  over  the  dung-pit.  No  loss  in  fertilizing 
matter  is  experienced  when  dung  is  carted  and  spread  upon  the 
field  as  soon  as  it  is  possible  to  do  so  after  it  is  produced." 

As  bearing  upon  this  question,  it  is  to  be  noticed  that  Deh^rain 
has  urged  that  his  own  experiments  show  that  a  large  part  of  the 
insoluble  nitrogenous  matters  in  fresh  manure  become  soluble  in 
the  course  of  time,  through  the  action  of  the  alkaline  carbonates 
which  manure  contains.  The  matters  thus  dissolved  soak  into  the 
straw  and  impregnate  all  parts  of  the  heap,  and  some  of  Ihem  pass 
away  in  the  dung-liquor,  which  is  black  because  of  their  presence. 
It  often  happens,  when  solutions  of  this  black  matter  slowly  trickle 
out  from  the  sides  of  an  old  manure-heap,  that,  as  the  water  evap- 
orates, the  material  is  left  in  the  form  of  stalactites.  It  is  to  be 
noted,  however,  that  this  statement  applies  more  particularly  to 
very  moist  and  thoroughly  rotted  manure-heaps,  such  as  may  often 
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be  seen  on  the  continent  of  Europe.  Wolff  urged  long  ago,  when 
treating  of  the  increase  of  the  percentage  proportion  of  soluble 
nitrogen  compounds  and  of  soluble  organic  matters  in  manure  as 
it  decays,  that  this  increase  can  only  occur  to  an  appreciable  extent 
in  exceptional  cases,  as  in  firmly  trodden  manure  kept  in  very 
moist  pits,  where  air  is  excluded.  Under  such  conditions  as  these, 
processes  of  chemical  reduction  will  occur ;  sulphides  will  be  formed, 
and  apparently  ammonium  compounds  also. 

It  is  of  interest  to  recall  the  fact,  that  the  simultaneous  forma- 
tion of  sulphides  and  ammonium  compounds  has  sometimes  been 
noticed  in  the  humus  of  peat-lx^s.  In  Wolff's  own  experiments, 
where  cow-manure  was  allowed  to  decay  in  small  heaps,  there  was 
a  considerable  diminution  of  soluble  nitrogenous  and  oi^anic  mat- 
ters, and  of  ammonia  also,  according  as  the  process  of  decay  pro- 
gressed. 

ShaU  the  Land  be  Manured^  or  the  Cropf 

The  question  whether  dung  shall  be  applied  in  the  fresh  con- 
dition, or  rotted,  appears  to  be  intimately  connected  with  another 
which  has  not  a  little  exercised  the  minds  of  farmers ;  viz.,  whether 
it  is  best  to  manure  heavily  and  seldom,  or  lighter  and  more  fre- 
quently. Much  will  depend,  of  course,  upon  the  character  of  the 
soil,  and  practical  men  have  long  held  that,  while  it  is  safe  enough 
to  manure  clays  heavily  and  seldom,  it  is  better,  on  the  whole,  to 
dress  sandy  loams  lightly  and  often.  (Thaer.)  As  regards  cal- 
careous soils,  it  is  a  matter  of  popular  belief  in  Europe  that  ma- 
nure acts  quickly  upon  them,  and  has  but  little  endurance.  It  is 
held  that  such  soils  should  be  manured  abundantly  and  often,  and 
that  there  is  little  risk  that  too  much  manure  will  ever  be  applied 
to  them. 

Gasparin  was  accustomed  to  lay  no  little  stress  on  the  need  of 
putting  enough  manure  on  the  land  in  the  first  place  to  '^satu- 
rate "  it  fully.  He  argued  that,  since  certain  constituents  of  the 
soil,  notably  clay,  iron  oxide,  humus  (and  hydrous  silicates),  have 
the  power^f  absorbing  aud  holding  very  considerable  quantities  of 
plant-food,  it  is  essential  that  the  land  should,  once  for  all,  be  sur- 
charged with  manure,  in  order  that  these  fixing  substances  may  be 
fully  saturated  with  plant-food,  so  that  they  shall  henceforth  serve 
as  reservoirs  to  supply  nutriment  to  the  crops,  instead  of  acting  as 
absorbents  to  withdraw  food  from  the  roots,  i.  e.,  from  the  soil  in 
which  the  plant  is  standing. 
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On  good  soils,  which  have  been  brought  to  the  *'  point  of  satu- 
ration," manure  may  be  applied  most  profitably  for  the  production 
of  merchantable  crops,  for  the  new  additions  of  manure  will  now 
produce  the  full  effect  of  which  they  are  capable.  Whereas  on 
land  not  fully  saturated,  the  new  additions  of  manure  may  not  pro- 
duce more  than  80  %,  75  %,  50  %,  or  even  a  smaller  percentage 
of  the  effect  which  might  properly  be  got  from  them.  Unsatu- 
rated land  had  better  be  devoted  to  forage  crops  than  to  grain  or 
other  merchantable  products.  The  high  cost  of  producing  the 
initial  saturation  compels  most  farmers  to  work  up  towards  it 
gradually,  and  prevents  them  from  trying  to  put  their  land  into 
first-class  condition  all  at  once. 

While  admitting  the  force  of  this  reasoning,  the  general  conclu- 
sion of  practical  men  seems  to  have  been,  that,  excepting  cold, 
clayey  land,  where  large  quantities  of  manure  may  occasionally 
be  applied  for  the  sake  of  improving  the  physical  condition  of  the 
soil,  it  is  usually  best,  on  the  whole,  to  manure  rather  lightly  and 
frequently.  The  quantity  of  manure  to  be  put  upon  farm  land  at 
any  one  time  has  almost  always  been  made  to  depend,  in  some 
measure,  upon  the  character  of  the  soil ;  for  it  was  recognized 
very  early  that  manure  may  safely  enough  be  applied  freely  to 
compact  clays,  such  as  are  not  readily  permeated  by  the  air,  and 
be  counted  upon  as  a  store  competent  to  produce  useful  effects 
during  several  years.  Whereas,  on  light,  sandy  soils,  and  es- 
pecially on  sandy  soils  which  are  calcareous,  manure  sometimes 
decomposes  so  rapidly  that  it  is  not  easy  to  recover,  in  crops,  the 
full  goodness  of  even  moderate  applications  of  it.  These  experi- 
ences naturally  led  to  the  putting  of  small  quantities  of  manure  at 
frequent  intervals  on  ''leachy"  soils,  and  to  the  application  of 
much  heavier  dressings  of  manure  to  stronger  lands.  In  addition 
to  these  teachings  of  old  experience,  it  appears  to  be  true  that  a 
tendency  to  apply  manure  often,  and  in  somewhat  smaller  quanti- 
ties than  were  formerly  usual,  has  become  stronger  since  the  time 
when  artificial  fertilizers  came  into  general  use.  Nowadays  it  is 
custoraarj'  to  use  powerful  soluble  fertilizers  of  quick  action,  and 
to  apply  no  very  large  quantity  of  them  at  any  one  time.  As  has 
been  said,  the  idea  now  is  to  manure  the  present  crop,  while  for- 
merly everyone  thought  and  spoke  of  manuring  the  land.  The 
modern  idea  is  justified  by  what  has  been  learned  in  recent  years 
in  explanation  of  the  peculiar  merit  of  fresh  manure ;  concerning 
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the  destruction  of  the  nitrogen  in  manure,  both  by  fermentation 
and  by  change  to  inert  humus,  with  the  lapse  of  time ;  aud  as  to 
the  conversion  of  the  dung-nitrogen  to  nitrates,  which  may  leach 
out  of  the  land  unless  the  roots  of  a  growing  crop  stand  ready  to 
absorb  and  consume  them. 

Dung-nitrogen  Wastes  Slowly. 

It  is  well  understood,  of  course,  that,  in  the  field,  the  waste  of 
nitrogen  from  farmyard-manure  is  much  less,  and  is  much  less 
rapid,  than  the  waste  of  nitrogen  from  the  artificial  fertilizers,  ni- 
trates and  ammonium  salts.  Much  of  the  nitrogenous  organic 
matter  in  farmyard-manure  decomposes  in  the  ground  so  slowly 
that  it  can  neither  be  used  freely  by  crops  nor  wasted  rapidly  by 
drainage.  In  the  experiments  of  Lawes  and  Gilbert,  where  farm- 
yard-manure was  applied  for  wheat  every  year  for  25  years  in  suc- 
cession, analysis  showed  that  the  top  9  inches  of  soil  contained 
nearly  twice  as  large  a  percentage  of  nitrogen  as  the  correspond- 
ing layers  of  contiguous  plots  of  land  that  had  been  dressed  with 
artificial  fertilizers,  and  which,  though  they  had  received  much  less 
nitrogen  annually,  in  the  form  of  ammonia  salts  or  nitrates,  had 
nevertheless  yielded  larger  crops. 

In  their  experiments  on  permanent  grass-land,  one  plot  received 
14  long  tons  of  farmyard-manure,  containing  about  200  lb.  of  ni- 
trogen per  year  and  per  acre,  for  8  years,  and  gave  an  average 
produce  of  4,800  lb.  of  hay,  against  2,700  lb.  on  the  unmanured 
plot.  During  the  next  11  years,  neither  farmyard-manure  nor  any 
other  fertilizer  was  applied  to  the  plot  which  had  previously  been 
dunged,  and  the  average  produce  for  the  11  years  was  3,800  lb.  of 
hay  against  2,200  lb.  on  the  "  unmanured  plot "  which  had  received 
no  manure  from  the  beginning.  The  total  increase  during  the  8 
years  when  manure  was  applied  was  17,000  lb.  of  hay,  and  the 
total  increase  duriug  the  next  1 1  years,  due  to  the  influence  of  the 
dung  previously  applied,  was  17,200  lb. ;  but  it  was  noticed  that 
the  crops  fell  off  very  much  during  the  later  years,  and  that  they 
averaged  considerably  less  than  one-half  as  much  over  the  last  5 
as  over  the  first  6  of  the  11  years.  In  the  words  of  Lawes,  '^It 
is  probable  that,  during  the  whole  19  years,  not  more  than  two- 
thirds  as  much  nitrogen  has  been  removed,  in  the  total  produce  of 
hay,  as  was  supplied  in  the  manure,  and  the  increase  of  nitrogen 
over  that  contained  in  the  permanently  unmanured  produce  has 
probably  not  been  one-fourth  as  much  as  was  supplied." 
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In  other  experiments,  where  14  tons  of  farmyard-manure  had 
been  applied  per  acre  to  one  plot  in  a  barley-field  during  20  suc- 
cessive years,  the  application  of  dung  was  stopped  on  one-half  the 
plot  and  continued  on  the  other  half.  During  the  next  three  years, 
the  average  produce  of  the  now  undunged  acre  was  44  bushels  of 
dressed  grain  and  2,684  lb.  of  straw ;  but  on  the  acre  where  the 
application  of  manure  was  continued,  the  average  yield  during  the 
same  three  years  was  52.5  bushels  of  dressed  grain  and  3,502  lb. 
of  straw.  That  is  to  say,  there  was,  on  the  average,  8.5  bushels 
more  of  grain  and  818  lb.  more  of  straw,  per  year  and  per  acre, 
where  the  manure  was  applied  afresh,  than  where  the  application 
of  manure  had  been  discontinued.  Although  the  yield  continued 
to  be  large,  after  the  application  of  the  manure  had  ceased,  thanks 
to  the  residues  from  the  previous  manuring,  it  nevertheless  ap- 
peared that  the  crops  did  not  reach  the  maximum  which  the  ch%rac- 
ters  of  the  seasons  admitted  of  when  the  land  was  dressed  anew. 
Notwithstanding  the  large  amounts  of  nitrogen,  and  of  other  kinds 
of  plant-food,  which  must  have  accumulated  in  the  land,  the  fresh 
application  of  manure  did  good  service.  In  their  experiments 
with  potatoes,  also,  alluded  to  under  the  head  of  Endurance  of 
Manure,  strong  evidence  was  adduced  of  the  advantage  of  apply- 
ing manure  frequently. 

It  is  to  be  remembered,  nevertheless,  that  the  old  plan  of  giving 
the  land  once  in  a  while  a  heavy  dressing  of  manure  which  should 
suffice  for  a  term  of  years,  was  connected  with,  or  rather  it  was 
based  upon,  various  schemes  of  rotations  of  crops,  and  that  clover, 
or  some  other  nitrogen-bringing  plant,  was  grown  at  such  intervals 
in  the  rotation  as  should  enable  it  best  to  help  out  and  support  the 
manure. 

At  the  South  of  France,  on  soils  fairly  well  supplied  with  mois- 
ture, Gasparin  observed  that  the  effect  of  stable-manure  endured 
•until  the  third  year,  though  he  estimated  that  a  crop  of  wheat 
grown  in  the  first  year  after  manuring  would  remove  639  lb.  of 
nitrogen  for  every  1,000  lb.  of  nitrogen  in  the  manure,  and  that 
the  wrheat-crop  of  the  second  year  would  remove  361  lb.  of  nitro- 
gen. In  case  the  land  was  irrigated  so  that  two  crops  could  be 
grown  in  the  first  year,  the  decomposition  of  the  manure  would  be 
accelerated,  and  practically  its  nitrogen  would  be  used  up  in  that 
year. 
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Ouano  applied  by  InstcUmenta. 

Some  of  the  experiments  that  have  been  made  with  Peniviaii 
guano  applied  by  successive  instalments,  illustrate  very  well  the 
significance  of  fresh  manure,  for  the  constituents  of  guano  are 
closely  analogous  to  those  in  fresh  animal  excrements,  and  they 
speedily  undergo  change  in  the  soil.  It  is  often  complained  of 
guano,  that  its  effects  are  fugitive,  but  the  real  trouble  is  evidently 
with  the  clumsy  methods  of  applying  it  which  are  in  ordinary  use. 
So  it  is  with  dung  and  urine^  and  if  it  were  but  possible  to  bring 
these  fertilizers  to  the  fields  continually  in  appropriate  quantities 
in  the  fresh  condition,  the  best  possible  utilization  of  them  (chemi- 
cally speaking)  would  doubtless  be  obtained. 

Stoeckhardt  applied  guano  at  the  rate  of  1.5  Centner  to  the  Mor- 
gen)  =  0.631  acre),  and  obtained  the  following  relative  weights 
of  sheaves  of  oats :  — 

In  the  Tear     In  the  Tear 

1867.  1868. 

Guano  all  applied  at  seed-time 100  100 

Half  at  seed-time  and  half  before  the  crop 
had  begun  to  shoot 147  113 

One-third  at  seed-time,  one-third  before  shoot- 
ing, and  one-third  before  blossoming     .    .        163  133 

In  1861,  his  experiments  resulted  as  follows :  — 

Guano  all  applied  at  seed-time    .    . 
Guano  applied  twice  at  seed-time    . 
Guano  applied  after  the  seed  once  . 
Guano  applied  after  the  seed  twice 
Guano  applied  after  the  seed  thrice 

In  considering  such  experiments  as  these,  it  must  never  be  for- 
gotten that  beside  supplying  the  crop  with  food,  fertilizers  often 
act  as  ameliorants  either  directly  by  improving  the  capacity  of  the 
land  to  hold  water,  or,  indirectly,  by  enabling  the  roots  of  plants 
to  penetrate  more  deeply  in  search  of  moisture  than  they  could 
have  done  if  food  had  been  less  abundant.  Hence  one  reason  for 
arguing  in  favor  of  manuring  the  land,  as  well  as  each  particular 
crop.  This  point  may  be  illustrated  by  a  reference  to  some  ex- 
periments by  Lawes  and  Gilbert,  as  set  forth  in  the  following 
table,  which  shows  the  average  yield  (total  produce)  of  certain 
crops,  both  under  ordinary  conditions,  and  in  a  year  (1870) ,  of 
extreme  drought. 


On  a  Poor 
Sandy  SoU. 

.     100 

.     131 

On  a  Strong 
CUySoU 

100  (assumed.) 

134 

.     100 
.     115 

100  (assumed.) 
112 

.     162 

161 
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Hay.  Wlieat  Barley, 

lb.  lb.             lb. 

ATange  yield  per  yea^  and  aere,  without  manure  .    .    2,391  2^  2,463 

Yield  in  drought  of  1870 044  2,002  1,489 

Deficiency  In  1870 1,747  396             964 

With  farmyard-mannre,  avenge  - 4,604  6,016  5|866 

With  fannyard-mannre  in  1870 1,666  6,092  4,949 

Deficiency  in  1870 3,048  924             907 

With  ammonia  salts  and  mineral  fertiliMTB,  average  .    6,794  6,267  6,786 

With  ammonia  nits  and  mineral  fertiliaert,  in  1870     .    3,306  5,836  4,287 

Deficiency  in  1870 2,488  431  1,499 

These  results  indicate  clearly  how  helpful  fertilizers,  and  espe- 
cially dung,  may  be  to  grain-crops  in  times  of  drought,  and  they 
illustrate  also  the  well-known  fact  that  grass  is  apt  to  suffer  more 
than  grain  in  long-continued  dry  weather.  The  barley  grown  on 
the  dunged  land  doubtless  profited  especially  from  the  increased 
power  of  the  soil  to  hold  water  in  its  upper  layers,  due  to  the 
presence  of  the  manure. 

Lawes  and  Gilbert  have  stated  that,  unless  a  very  great  excess 
of  rain  has  fallen,  water  never  runs  from  the  tile-drains  in  those 
plots  of  their  experimental  field  which  have  been  dressed  year 
after  year  with  dung,  because  the  manure  has  greatly  increased 
the  porosity  of  the  soil.  ^'  The  fact  is  that  whilst  the  pipe-drains 
from  every  one  of  the  other  plots  in  the  experimental  wheat-field 
run  freely,  perhaps  4  or  5  or  more  times  annually,  the  drain  from 
the  dunged  plot  seldom  runs  at  all  more  than  once  a  year,  and  m* 
some  seasons  not  at  all."  It  was  found,  on  trial,  that  the  dunged 
land  when  saturated  with  water  retained,  within  12  inches  from  the 
surface,  an  excess  of  water  equivalent  to  about  1.5  inch  of  rain 
more  than  was  held  to  the  same  depth  on  adjacent  plots  that  were 
unmanured,  or  manured  with  artificial  fertilizers.  Not  only  did 
very  little  water  escape  through  the  drains  of  the  dunged  land,  but 
the  proportion  of  nitrates  in  this  water  was  less  than  that  in  the 
water  which  escaped  from  plots  fertilized  with  ammonium  salts. 
lAUer  needs  to  be  Rotted, 

Practically,  as  a  mere  matter  of  labor,  istowage  capacity,  and 
convenience,  it  would  be  difiScult  for  most  farmers  to  bring  more 
than  a  small  poi*tion  of  their  barnyard-manure  to  the  land  in  the 
fresh  condition. 

Moreover,  fresh  stable-manure  almost  always  contains  in  prac- 
tice an  admixture  of  straw,  cornstalks,  and  other  *Mong"  litter, 
which  would  seriously  interfere  with  the  application  of  the  manure 
to  the  land,  and  which  render  it  unhomogeneous  also.     It  is  true 
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that,  on  some  kinds  of  land,  the  long  manure  might  do  good, 
phjsicaUy  speaking  ;  i.  e.  many  a  heavy  soil  might  be  lightened  by 
means  of  it.  In  the  cultivation  of  newly-reclaimed  polders  (silt- 
land)  in  Belgium,  it  is  thought  to  be  essential  to  success  that, 
when  grain-crops  are  harvested,  the  straw  shall  be  left  standing 
knee-high,  so  that  by  plowing  in  this  tall  stubble,  the  too  compact 
soil  may  be  duly  lightened  and  aerated.  But,  to  say  nothing  of 
the  trouble  of  incorporating  it  with  the  soil,  it  might  often  happen 
on  soils  in  good  tilth,  incase  unrotted  manure  were  buried  directly, 
that  a  good  part  of  the  straw  would  escape  decomposition,  and 
consequently  exert  no  immediate  fertilizing  action.  It  might  even 
do  serious  harm  by  lightening  the  land  unduly. 

On  light  lands,  in  some  parts  of  England,  it  was  a  rule  of  prac- 
tice that  manure  from  the  straw-yard  should  all  be  applied  to  the 
land  in  the  autumn,  and  intimately  mixed  with  the  soil ;  for  if 
laid  on  in  the  spring,  it  would  keep  the  land  open  and  so  much 
increase  the  effect  of  drought  that  the  crop  might  be  greatly  in- 
jured or  even  destroyed.  In  any  event,  it  might  happen  that  the 
dung  alone  would  go  to  nourish  the  present  crop,  and  an  entire 
season  might  elapse  before  the  straw  had  decomposed  sufficiently 
to  render  its  constituents  fit  food  for  plants. 

It  has  sometimes  been  urged  that  these  last  considerations  do 
really  indicate  the  limit  to  which  the  fermentation  of  long  manure 
may  be  profitably  pushed ;  to  the  point,  namely,  where  the  straw 
or  other  litter  begins  to  lose  its  integrity,  and  admits  of  being  torn 
apart  with  scarcely  any  effort. 

It  is  probable  that  this  point  of  incipient  change  is  really  the 
one  to  be  aimed  at  as  the  point  of  greatest  advantage,  all  things 
considered,  though  it  is  manifest  that  only  a  comparatively  small 
proportion  of  a  year's  stock  of  manure  can  be  employed  in  just  this 
or  in  any  other  one  particular  condition.  The  convenience  of  each 
farmer  will,  of  course,  determine  how  much  of  his  manure  he  will 
carry  out  green,  and  how  much  after  fermentation.  But  it  is  none 
the  less  desirable  that  the  best  way  of  doing  the  thing  should  be 
kept  in  view  and  striven  for.  It  is  to  be  remembered  withal,  that 
when  straw  has  been  drenched  with  urine  or  with  dung-liquor,  the 
alkaline  constituents  of  these  liquids  serve  to  dissolve  the  albumi- 
nous matters  and  certain  other  constituents  of  the  straw,  and  thus 
help  to  disintegrate  it. 
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Merits  of  Rotted  Manure. 

It  is  to  be  remembered  that  certain  anaerobic  ferments  act 
chiefly  to  destroy  the  woody  fibre  in  manure,  both  that  in  the  lit- 
ter and  that  in  the  dung  itself,  so  that  the  proportion  of  fertilizing 
matters  —  nitrogen,  phosphoric  acid  and  potash  —  may  be  actually 
larger  in  the  well-rotted  product  than  in  the  fresh  manure,  al- 
though the  character  of  the  nitrogen  compounds  must  have  been 
very  thoroughly  changed.  For  some  purposes,  the  nitrogen  in 
well-rotted  manure  is  highly  esteemed,  while  for  other  purposes 
the  nitrogen  (urea)  of  fresh  manure  is  to  be  preferred.  On  the 
whole,  there  can  be  little  doubt  that  the  chief  reason  why  short 
manure  is  commonly  thought  to  be  better  than  long  manure  must 
depend  upon  the  fact  that,  provided  the  rotting  has  been  thorough, 
the  short  manure  is  really  a  highly  concentrated  product.  Much 
of  the  shrinkage  in  volume  which  occurs  when  manure  ferments 
tends  simply  to  concentrate  the  fertilizing  matters  in  it  through 
the  loss  of  non-essential  substances,  such  as  cellulose  or  woody 
fibre,  for  example,  though,  as  has  been  urged  already,  some  part 
of  the  diminution  is  due  to  an  actual  waste  of  useful  ingredients. 

Boussingault,  for  his  part,  did  not  hesitate  to  insist  that  there 
may  be  ^^  an  immense  advantage"  attending  the  fermentation  of 
manure,  in  that  the  product,  provided  that  the  fermentation  has 
been  discreetly  controlled,  may  be  of  greater  value  under  a  smaller 
bulk  and  less  weight.  He  urges  the  very  important  saving  of  car- 
riage in  the  case  of  the  fermented  dung,  as,  for  example,  when  it 
has  lost  a  third  of  its  weight  by  the  process. 

The  remark  is  true,  not  only  in  respect  to  the  hauling  out  of 
manure,  but  also  as  to  the  distributing  of  it.  It  is  possible,  of 
course,  to  lay  long,  strawy  manure  in  the  furrows  as  fast  as  they 
are  made,  so  that  the  plough  may  cover  it  in  at  the  next  turn,  as 
is  often  done  in  fact,  in  certain  European  localities,  on  heavy 
clay  land ;  but  the  labor  thus  expended  must  usually  exceed  in 
value  whatever  chemical  substance  would  have  been  lost  in  case  the 
manure  had  been  fermented,  and  the  waste  of  labor  is  palliated 
rather  than  done  away  with  when  such  manure  is  worked  into  the 
land  by  means  of  machines,  such  as  disk-harrows  or  the  like. 

One  advantage  to  be  credited  to  long  manure  on  clays,  in  situa- 
tions where  the  soil  would  not  be  liable  to  become  too  dry,  is  that 
it  lightens  the  soil  so  that  air  is  admitted  freely  enough  to  nitrify 
the  strawy  manure  more  rapidly  than  weU-rotted  manure  could  be 
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nitrified  in  its  place.  But  there  is  always  a  risk  that  soils  charged 
with  strawy,  unrotted  manure  may  be  left  too  loose  and  open  for 
the  growth  of  seeds  or  young  plants,  especially  if  dry  weather 
should  set  in  soon  after  the  sowing. 

The  most  thoroughly  rotted  manure  at  one's  disposal  would 
naturally  be  put  upon  light  soils,  and  upon  those  highly  cultivated 
fields  which  are  to  be  managed  as  if  they  were  gardens ;  the  long 
manure  would  be  relegated  to  heavy  land  and  to  crops  not  requir- 
ing specially  careful  management ;  while  for  a  lai^e  portion  of  the 
farm  the  half -rotted  material  just  now  described  might  be  prefer- 
able, all  things  considered,  to  either  of  the  others.  It  is  known 
that,  while  the  nitrogenous  constituents  of  urine  and  of  fresh  ma- 
nure are  apt  to  nitrify  very  rapidly  in  light  soils  that  are  not  too 
dry,  the  constituents  of  old,  well-rotted  manure  nitrify  in  such 
soils  slowly  and  steadily  and  maintain  a  constant  supply  of  easily 
assimilable  food.  It  is  to  be  remembered,  withal,  that,  from  the 
discussion  in  Chapter  XII  of  experiments  on  the  comparative  value 
of  nitrates  and  ammonium  salts  as  plant-food,  it  has  appeared  that 
some  kinds  of  crops  may  perhaps  prefer  the  nitrogen  in  old  manure 
to  that  in  fresh  manure,  while  some  other  plants  may  do  best  when 
fed  with  urea  and  the  other  nitrogenous  constituents  of  freshly 
voided  excrements. 

One  reason  why  thoroughly  rotted  stable-manure  is  so  much  es- 
teemed is,  that,  taking  the  whole  mass  of  it  into  consideration,  it 
may  act  more  quickly  than  long  manure.  A  larger  proportion  of 
each  ton  of  the  mixed  matters  is  already  in  a  condition  fit  to  be 
taken  up  by  the  roots  of  plants.  This  consideration  is  doubtless 
more  important  in  the  case  of  spring  wheat  and  of  barley  than  in 
that  of  some  other  kinds  of  plants,  and  it  was  more  important  for- 
merly, in  the  days  when  artificial  fertilizers  were  not  to  be  had,  than 
it  is  now.  The  life  of  spring-sown  grain-plants  is  comparatively 
short ;  their  growth  is  completed  in  the  course  of  a  few  months, 
and  the  period  during  which  they  can  consume  manure  may  be 
counted  by  weeks.  Hence  it  may  happen  that,  while  some  part 
of  the  fresh  manure  would  act  only  too  speedily,  the  decomposi- 
tion of  the  remainder  might  not  be  rapid  enough  fully  to  supply 
the  wants  of  the  crop.  But  in  the  case  of  plants  of  another  habit 
of  growth,  such  as  Indian  corn,  for  example,  this  objection  would 
have  less  weight. 

In  dry  seasons,  and  particularly  for  light  soils,  the  quick  action 
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of  an  abundant  dressing  of  well-rotted  manure  would  have  the 
merit  of  giving  the  crop  a  start,  so  as  to  enable  it  the  better  to 
survive  the  subsequent  hardships.  The  humus  of  the  well-rotted 
manure  would,  moreover,  often  serve  a  better  purpose,  in  case  of 
drought,  than  the  long,  unfermented  litter  from  which  it  was  de- 
rived. 

iSh-aw  must  be  BoUed. 

The  importance  of  rotting  thoroughly  the  straw  in  farm-manure 
is  often  insisted  upon  by  practical  men  in  grain-growing  districts. 
Thus,  in  laying  down  rules  for  the  treatment  of  manure,  some  of 
the  Western  New  York  farmers  have  enjoined,  1st,  that  the  barn- 
yard should  be  so  arranged  that  no  part  of  the  manure  can  run  out 
from  it ;  2d,  that  straw  enough  should  be  used  to  absorb  all  the 
liquid  portion  of  the  manure ;  and,  3d,  that  the  strawy  mixture, 
when  hauled  to  the  fields  in  the  spring,  should  be  piled  in  rather 
large,  high  heaps,  with  square  sides,  and  with  the  top  somewhat 
hollow  in  order  to  hold  water. 

They  say  that,  if  the  top  were  built  rounding,  or  slanting  like  a 
roof,  so  little  water  would  soak  into  the  heap  that  the  straw  would 
not  rot.  Even  when  a  heap  of  very  strawy  manure  is  well  built, 
with  a  saucer-like  depression  on  top,  its  sides  will  not  decay.  In 
order  to  rot  the  straw  in  them,  the  sides  may  be  pared  off  after  a 
while,  and  thrown  on  top.  A  heap  of  strawy  manure  that  has  been 
well  built  in  the  spring  will  be  in  condition  to  be  cut  with  a  spade 
by  July.  Practically,  it  would  be  used  in  August  or  September  on 
winter  grain.  Manifestly,  the  addition  of  *'  preservatives  " —  such 
as  gypsum,  salt  or  Stassf  urt  salts  —  to  manure  of  this  kind  would 
be  likely  to  do  more  harm  than  good.  It  is  to  be  observed,  also, 
that  such  long,  dry  manure  as  this  of  which  the  New  York  farmers 
speak,  would  not  profit  by  being  kept  under  cover.  Indeed,  it 
would  be  apt  to  suffer  injury  if  the  heaps  just  spoken  of  were 
made  in  sheds.  Unless  the  manure  be  at  least  three-quarters  cow- 
dung,  the  keeping  of  it  in  sheds  is  said  to  be  inadmissible.  Theo- 
retically, sheds  might  serve  well  enough  for  keeping  the  manure 
from  cows  in  New  England,  and  yet  be  of  no  use,  or  be  worse  than 
useless,  for  the  manure  of  farms  that  are  devoted  to  grain-grow- 
ing, unless,  indeed,  the  arrangements  of  the  grain-farm  are  such 
that  the  straw  shall  be  fed  out  to  stock  in  conjunction  with  some 
kind  of  wet  food,  like  distillery  refuse,  or  the  potato-slop  and 
beet-root  pulp  of  Europe.     The  tendency  of  manure  to  injure  it- 
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self  by  fire-fanging  is  one  danger  to  be  avoided,  as  well  as  the  risk 
of  leaching  by  rain.  Sheep-manure  or  horse-manure,  left  to  itself 
under  a  shed,  would  be  liable  to  fire-fang. 

Even  out  of  doors,  heaps  of  horse-manure  are  apt  to  suffer,  on- 
less  frequently  rained  upon.  In  building  such  heaps,  it  is  well  to 
throw  in  occasional  layers  of  peat  or  loam,  to  hinder  obnoxious 
fermentations.  On  the  other  hand,  if  manure  were  exposed  too 
long  to  an  excess  of  moisture,  and  particularly  if  it  were  admixed 
with  leaves  or  peat  rather  than  with  straw,  it  might  pass  into  a 
cold,  sour  condition,  and  form  faulty  Iiumus  analogous  to  that  in 
a  peat-bog.  So,  too,  if  acid  substances  were  admixed  with  ma- 
nure, the  fermentation  of  it  would  be  checked,  and  the  straw  or 
other  litter  would  not  be  decomposed.  On  this  account,  it  may 
well  be  doubted  whether  it  would  be  wise  to  add  sulphuric  acid,  or 
even  copperas,  to  manure,  though  such  additions  have  been  pro- 
posed as  a  means  of  "  saving  the  ammonia." 

In  experiments  made  by  Frear  in  Pennsylvania,  the  manure  pro- 
duced in  a  stable  of  30  cows  and  10  horses  (where  the  animals 
were  littered  with  the  minimum  amount  of  straw  and  sawdust  con* 
sistent  with  cleanliness)  was  stored  in  two  similar  large  and  com- 
pacted heaps,  one  of  which  was  kept  out  of  doors  in  a  dished  yard, 
the  surface  of  which  was  covered  with  puddled  clay,  while  the 
other  heap  was  kept  under  a  shed  which  was  open  on  one  side  and 
was  wholly  above  ground.  It  appeared,  both  in  the  summer  and 
in  winter,  that  the  open-air  heap  contained  more  moisture  than 
the  other,  and  that  during  the  whole  year  less  material  was  lost 
from  the  open-air  heap  than  from  the  one  in  the  shed  ;  though  the 
heap  in  the  yard  suffered  slightly  from  the  leaching  action  of  rain. 
In  summer,  there  was  a  larger  loss  of  organic  matter  from  the 
out-door  heap  than  from  the  sheltered  heap,  but  in  winter  the 
reverse  of  this  seemed  to  be  true.  The  loss  of  nitrogen  agreed 
with  that  of  organic  matter,  and  it  was  evident  that  this  impacted 
manure  suffered  especially  from  overheating  under  the  shed  in  the 
winter,  and  when  exposed  to  the  sun  in  the  summer. 

From  a  general  view  of  the  subject,  it  would  appear  that, 
although  some  system  of  ensilaging  manure  might  be  theoretically 
excellent,  the  plan  is  hardly  called  for  as  regards  cow-manure, 
which  can  be  managed  fairly  well  in  less  costly  ways ;  while  for 
manures  that  contain  much  straw  that  needs  to  be  rotted,  ensi- 
laging is  plainly  inadmissible.     For  x^reserving  fresh  human  excre- 
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ments,  silos  may  serve  a  good  purpose.     The  Chinese  have,  ia 
fact,  used  them  to  this  end  in  their  rice-fields  time  out  of  mind. 
Nitrates  hardly  form  m  Dung-heaps. 

It  is  not  easy  to  speak  in  any  very  definite  or  authoritative  way 
about  the  formation  of  nitrates  in  the  dung-heap.  Undoubtedly 
some  nitrates  and  nitrites  are  formed  near  the  surface  of  old  heaps 
of  manure,  in  spite  of  the  fact  that  rotting  manure  must  act  as  a 
reducing  agent,  and  so  tend  to  hinder  their  formation.  Yoelcker 
found  considerable  quantities  of  nitrates,  though  not  enough  to 
estimate  quantitatively,  in  the  dark-brown  liquid,  leached  out  by 
rain,  that  drained  away  from  an  old,  well-rotted  heap  of  manure, 
consisting  of  a  mixture  of  the  dung  of  horses,  sheep,  and  stall- 
fed  cattle ;  the  inference  being  that  the  nitrifying  ferments  were 
able  to  live  and  work  at  or  near  the  surface  of  the  heap.  But  in 
a  still  darker  and  much  more  concentrated  dung-liquor,  that  had 
drained  out  of  a  heap  of  fresh  horse,  cow,  and  hog-dung,  he  could 
detect  only  traces  of  nitrates.  He  noticed,  also,  that  the  liquid 
from  the  fresh  dung-heap  contained  less  than  half  as  much  com- 
bined ammonia  as  the  other,  manifestly  because  a  good  part  of  the 
organic  nitrogen  compounds  natural  to  the  fresh  manuse  had  not 
yet  suffered  decomposition. 

Experiments  by  Holdefleiss  go  to  show  that  comparatively  little 
nitre  forms  in  heaps  of  manure  which  are  kept  constantly  moist 
by  repeated  applications  of  dung-liquor,  though  appreciable  quan- 
tities may  be  produced  in  earth-covered  heaps,  and  in  those  on 
which  phosphatic  gypsum  has  been  scattered.  The  presence  of 
Stassf urt  potash  salts  on  the  other  hand  decidedly  hinders  nitrifi- 
cation, manifestly  by  poisoning  the  ferments.  In  the  following 
table,  the  amounts  of  nitric  acid  are  stated  in  per  cents  of  the' 
total  nitrogen  originally  contained  in  the  manure.  In  each  case, 
the  samples  examined  were  taken  from  heaps  of  wellrconditioned 
manure  that  had  been  kept  for  several  montlis. 

Heaps  kept  molat  Heapi  not  moiitened; 

Maniixe.  with  dung-liquor. 

Nitric  Aold.    Ammonia.      NltrteAeld.    Ammonia. 
%  %  %  % 

Corered  with  earth 8.6  6.6 

Strewn  with  phoephatie  gypnan, .    .    4.6  6.6 

Strewn  with  potash  Bait 0.6  6.6 

Alexander  Miiller  found  that,  while  urine  that  had  been  dUnted 
with  a  great  deal  of  water  nitrified  rapidly  without  emitting,  any 
odor,  a  quantity  of  faeces  that  had  been  mixed  with  400  parts  of 
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10.13 

0.64 

7.17 

3.76 
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water  continued  to  give  off  offensive  odors  of  putrefaction  for 
months,  and  was  only  very  slowly  subject  to  nitrification. 
Forking  over  of  Manure, 

The  common  practice  of  turning  over  manure,  so  as  to  expose 
it  to  the  air,  that  is  to  say,  the  tossing  up  of  the  manure  from  a 
compact  heap  into  a  loose  heap,  must  tend  to  the  formation  in 
time  of  nitrates  in  some  parts  of  the  heap,  and  may  have  been  in 
some  part  justified  formerly  by  this  consideration,  though  com- 
monly the  forking  over  is  resorted  to  either  to  check  fermentation 
when  the  heap  is  in  danger  of  getting  over-heated,  or  to  excite 
new  fermentation  when  the  first  quick  action  has  abated,  in  order 
to  hasten  the  decay  of  the  litter.  As  has  been  stated  on  a  pre- 
ceding page,  the  activity  of  ferment  organisms  —  even  that  of 
anaerobic  ferments  which  have  become  sluggish  —  is  accelerated 
by  admitting  to  them  fresh  supplies  of  air. 

In  general  it  may  be  said  that  the  purpose  of  the  forking  is  to 
check  or  promote,  i.  e.  to  control,  fermentations  of  other  kinds 
than  those  which  cause  nitrification.  It  is  not  improbable,  in- 
deed, that  the  ^^  tempering  "  of  the  manure,  i.  e.  a  mitigation  of 
its  rankness  by  changing  the  character  of  the  nitrogen  compounds 
originally  contained  in  it,  may  have  been  of  considerable  import- 
ance at  a  time  when  the  farmer's  first  thought  was  to  grow  heavy 
crops  of  grain  by  means  of  farmyard-manure.  For,  in  order  to 
obtain  such  crops,  care  has  to  be  taken  to  avoid  too  rank  a  growth 
of  straw,  such  as  would  almost  inevitably  follow  heavy  applications 
of  fresh  manure. 

Lose  of  Ammonia  f 

A  good  deal  used  to  be  said  about  the  loss  of  ammonia  during 
the  fermentation  of  manure,  and  numerous  receipts  for  saving  this 
ammonia  by  means  of  gypsum,  or  copperas,  or  sulphuric  acid,  or 
the  magnesium  compounds  in  Stassfurt  potash  salts,  have  been 
published.  The  significance  of  these  additions  has  already  been 
set  forth ;  but,  with  the  exception  of  the  actual  stable-floor  or 
standing-room  of  the  animals,  it  does  not  appear  that  much  am- 
monia is  lost  from  cow-manure  during  the  ordinary  conditions  of 
fermentation.  It  is  a  fact  constantly  to  be  insisted  upon,  that  the 
risk  of  losing  ammonia  from  manure  applies  more  particularly  to 
dry  heaps.  Practically  next  to  no  ammonia  is  lost  from  manure- 
heaps  which  are  kept  in  a  moist  condition.  Indeed,  according  to 
Deh^rain,  it  happens  in  heaps  of  manure  (dung,  urine,  and  straw) 
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which  are  kept  properly  moist,  that  much  of  the  ammonia,  that 
foims  at  first  from  the  decomposition  of  urea,  is  changed  by  the 
action  of  f  ei-ment  organisms  into  compounds  of  nitrogen^  which  are 
very  unlike  the  ammonia  from  which  they  were  derived.  He 
noticed  also  that  these  organic  nitr<^n  compounds  dissolve  in  no 
inconsiderable  quantity  in  the  alkaline  dung-liquor.  During  the 
actual  fermentation,  some  of  the  nitrogen  from  the  ammonia  may 
be  lost  as  free  nitr(^en  gas,  especially  from  those  parts  of  tlie 
heap  to  which  the  oxygen  of  the  air  has  easy  access ;  but  the  loss 
of  ammonia  as  such  is  usually  extremely  small,  so  long  as  the 
heap  of  manure  is  kept  moist. 

The  less  moist  horse-manure,  when  left  to  ferment  in  loose 
heaps,  gives  off,  as  every  one  knows,  large  quantities  of  ammonia. 
For  the  sake  of  the  object-lesson,  German  farmers  have  occasion- 
ally led  air  from  a  horse-stable  over  or  through  porous  materials 
satmated  with  muriatic  acid,  and  have  evaporated  to  dryness  the 
solution  of  ammonium  chloride  thus  obtained,  in  order  to  exhibit 
the  concrete  substance.  I  have  myself  seen,  at  a  cattle-show  in 
Prague,  a  massive  block  of  ammonium  chloride  which  had  been 
obtained  in  this  way. 

It  has  been  noticed  in  the  experiments  of  Jentys,  that  even  in 
the  case  of  horse-dung,  the  loss  of  ammonia  occurs  chiefly  during 
the  early  stages  of  the  fermentation,  and  that  after  a  short  time, 
the  loss  of  ammonia  from  solid  excrements  may  amount  to  little 
or  nothing.  In  experiments  on  fresh  dung,  he  found  that  some- 
thing like  one-tenth  of  the  total  nitrogen  passed  into  the  state  of 
ammonia  in  the  course  of  a  month,  while  nine-tenths  of  the  nitro- 
gen was  found  to  be  in  organic  forms,  some  of  which  appear  to  be 
not  readily  assimilable  by  plants.  In  the  case  of  mixed  solid  and 
liquid  excrements,  however,  the  loss  of  ammonia  was  more  con- 
siderable. It  is  a  matter  of  familiar  observation  that  from  cow- 
manure,  and  the  ordinary  mixed  manure  of  the  farmyard,  so  long 
as  it  is  kept  moist  and  compacted,  no  very  pronounced  fumes  of 
ammonia  arise.  Voelcker,  in  his  experiments  on  mixed  farm- 
manure,  found  that  free  ammonia  was  disengaged  only  when  the 
dung-heaps  were  in  a  state  of  active,  hot  fermentation.  No  am- 
monia was  given  off  when  the  heaps  of  manure  were  quite  cold. 
As  he  remarks,  ''  In  the  interior  of  large  heaps  the  heat  is  often 
very  great,  —  the  thermometer  rising  to  120°  or  150°  F., —  and  it 

is  from  this  part  of  the  heap  that  ammonia  is  given  off  when 
VOL.  n-«i. 
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mannre  is  forked  over.  But  so  long  as  the  heap  is  left  at  rest,  the 
ammonia  at  its  Interior  does  not  escape  into  the  air,  because  it  is 
restrained  by  those  portions  of  the  manure  which  are  kept  cold  by 
the  surrounding  air.  The  external  cold  layei*s  of  dung-heaps  act 
as  a  mechanical  and  chemical  filter  with  reference  to  the  ammonia. 
.  .  .  Dung-heaps  that  have  been  placed  in  a  field  cease  to  give 
off  ammonia  after  a  short  time  when  settled  down  to  a  firm  mass, 
but  on  turning  such  heaps,  a  very  powerful  and  pungent  smell  is 
perceptible.  Each  turning  of  a  manure-heap  thus  is  attended 
with  a  certain  loss  of  ammonia  that  escapes  from  the  heated 
manure.  But  at  the  outside  of  an  undisturbed  heap  which  has 
had  time  to  consolidate  no  ammonia  is  perceptible  ;  even  delicate 
red  litmus  paper  is  not  altered  in  the  least."  Dehdrain  also,  on 
collecting  and  analyzing  the  gases  taken -from  the  interior  of  moist 
heaps  of  manure,  could  not  detect  any  appreciable  quantity  of 
ammonia. 

Voelcker  urges  that,  when  ammonia  forms  in  heaps  of  well-kept 
farm-manure,  through  the  fermentation  of  nitrogenous  organic 
matters,  humic  acids  are  produced  at  the  same  time,  which  com- 
bine with  the  ammonia,  and  fix  and  hold  it  against  loss  through 
volatilization.  These  humates  and  ulmates  of  ammonia  are  solu- 
ble in  water,  and  are  readily  leached  out  of  the  heaps  by  rain.  To 
the  presence  of  such  compounds,  dung-liquor  owes  its  dai*k  brown 
color.  In  consonance  with  this  view,  Kellner  has  observed  that 
during  the  fermentation  of  moist  organic  matter,  i.  e.  during  such 
fermentations  as  occur  when  green  plants  are  packed  in  silos,  con- 
siderable quantities  of  ammonia  are  formed,  and  that  this  ammonia 
is  held  in  combination  by  organic  acids,  both  volatile  and  non- 
volatile, which  are  formed  at  the  same  time.  Meanwhile,  no  free 
nitrogen  gas  is  exhaled,  at  least  not  in  the  case  of  fermentations 
due  to  the  presence  of  the  lactic  ferment  occurring  out  of  contact 
with  the  air.  An  exception  to  this  rule  occurs  when  the  plants 
happen  to  contain  nitrates  which  are  deoxidized  in  the  silo  with 
loss  of  nitrogen  gas. 

With  regard  to  the  notion  that  chemical  agents  should  be  ap- 
plied to  manure-heaps,  "to  hold  the  ammonia,"  Voelcker  says, 
as  there  is,  practically  speaking,  no  free  ammonia  in  either 
fresh  or  rotten  farmyard-manure,  the  addition  of  such  chemical 
agents  as  change  volatile  compounds  of  ammonia  into  non-volatile 
combinations  is  unnecessary  and  useless,  in  so  far  as  this  particu« 
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lar  action  is  concerned.     It  is  but  fair  to  add  that  the  same  con- 
clusion had  been  reached  and  proclaimed  by  Boussingault,  long 
before  the  time  of  Voelcker's  research. 
Ashes  of  Dung. 

It  is  evident  enough,  from  the  foregoing  statements,  that,  for 
cold  and  temperate  climates,  and  for  most  crops,  the  nitrogen  in 
dung  and  urine  is  by  far  the  most  important  constituent  of  farm- 
manures,  i.  e.  economically  speaking.  In  an  experiment  tried  by 
Boussingault,  in  Eastern  France,  the  ashes  left  on  burning  22  tons 
of  farmyard-manure  were  applied  to  one  acre  of  land,  which  had 
been  somewhat  impoverished  by  cropping,  while  a  contiguous  acre 
of  similar  land  was  dressed  with  22  tons  of  the  manure  itself. 
Oats  were  sown  on  both  the  acres,  and  there  was  harvested  from 
the  land  dressed  with  ashes  4  times  as  much  grain  as  had  been 
sown,  while  the  dunged  land  yielded  14  times  as  much  grain  as  had 
been  sown. 

In  a  subsequent  chapter,  further  evidence  will  be  set  forth  to 
show  why  it  is  that  farmers  should  take  special  pains  to  preserve 
the  dung-nitrogen  carefully,  and  to  apply  it  understandingly.  But 
it  is  true,  nevertheless,  that  in  some  countries  —  notably  India  and 
certain  marsh-land  districts  in  Southern  France  —  only  the  ashes 
of  dung  are  applied  to  the  land.  Even  in  the  time  of  the  Romans, 
as  Pliny  tells  us,  the  farmers  of  some  parts  of  Italy  were  in  the 
habit  of  burning  dung  for  the  sake  of  its  ashes,  which  they  pre- 
ferred to  the  dung  because  the  ashes  are  light  and  can  readily  be 
transported  and  applied.  The  ashes  were  not  used  indiscrimi- 
nately, however,  by  the  Bomans  on  all  kinds  of  soils,  nor  were 
they  employed  for  promoting  the  growth  of  shrubs  or  of  some  of 
the  cereal  grains.  But  in  India,  even  at  the  present  time,  it  is 
customary,  almost  everywhere,  to  knead  into  cakes,  together  with 
broken  straw,  all  the  cow-dung  that  can  be  procured,  and  to  dry 
these  cakes  in  the  sun  for  fuel.  On  asking,  near  Lucknow,  why 
they  did  not  reserve  their  cow-manure  for  the  land,  Mr.  Caird  was 
answered  as  follows :  "  What  would  you?  We  cook  our  food  with 
it,  we  warm  our  bodies  with  it,  and  then  we  use  the  ashes  as  ma- 
nure." In  Egypt,  also,  as  in  India,  cow-dung  is  made  into  cakes 
and  dried  to  serve  as  fuel  for  cooking  food. 

It  is  noticeable  that  the  use  of  dung-ashes  prevails  specially  in 
hot  countries  where  nitrification  is  particularly  rapid ;  and  that 
usually  the  ashes  are  applied  to  soils  rich  in  humus.     Hitherto^ 
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travellers  appear  to  have  paid  very  little  attention  to  the  question, 
whether  or  not  the  dung-ashes  are  commonly  applied  to  leguminous 
crops.  The  following  experiment,  made  by  Mr.  Robertson,  di- 
rector of  the  experimental  farm  at  Sydapct,  near  Madras,  for  the 
purpose  of  comparing  the  fertilizing  power  of  cow-manure  with 
that  of  the  ashes  of  a  simUar  quantity  of  cow-manure  which  had 
been  burnt  as  fuel,  has  been  reported  by  Caird.  Upon  the  first  of 
three  adjoining  plots  of  land,  3,150  lb.  of  cow-manure  were  put; 
the  second  plot  received  130  lb.  of  ashes,  i.  e.  the  amount  ob- 
tained on  burning  3,150  lb.  of  cow-manure,  while  no  fertilizer  was 
put  upon  the  third  plot.  All  the  plots  were  sown  with  cholum  (a 
tall,  coarae  variety  of  millet) ,  to  be  mown  as  a  green  crop,  and 
they  were  treated  alike,  excepting  as  regards  the  manure.  The 
amounts  of  fodder  obtained  from  the  first  and  second  cuttings  of 
cholum  are  given  in  the  following  table :  — 

Flotl.  Plot  2.  Plots. 

Cow.Dung.  c^^S^g,        No  Manure. 

Fh»t  cutting,  lb 4,058  4,368  3,140 

Second  cutting,  lb 1,680  1,176  896 

Total,  lb 5,738  5,544  4,036 


CHAPTER  XX. 

COMPOSTS. 

In  discussing  methods  of  preserving  farmyard-manure,  as  in 
the  preceding  chapter,  the  question  of  compost-making  naturally 
presents  itself,  and  attention  is  called  forcibly  to  the  consideration 
of  several  well-known  facts  which  bear  upon  this  subject. 

It  is  a  matter  of  old  observation,  that,  if  some  kinds  of  peat  be 
mixed  with  fresh  stable-manure  in  the  proportion  of  two  or  three 
loads  of  the  peat  to  one  load  of  the  dung,  and  the  mixture  be  then 
allowed  to  ferment,  there  will  be  obtained  a  compound  as  efl3cient, 
load  for  load,  for  many  fertilizing  purposes,  as  pure  stable-ma- 
nure. The  obser%'ation  has  repeatedly  been  verified  both  in  Europe 
and  in  this  country,  and  the  fact  itself  cannot  be  gainsaid. 

Doubtless  several  causes  conspire  to  produce  the  stated  result. 
The  fertilizing  qualities  proper  to  the  peat  are  utilized,  and  the 
fermentation  which  it  undergoes  conduces  to  that  end.  The  power 
of  the  peat  to  absorb  and  hold  liquids  comes  into  play  of  couFse^ 
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and  it  is  to  be  noticed  also  that  the  presence  of  peat  in  ihe  mix- 
ture may  cause  the  manure  to  ferment  to  better  advantage  than  it 
would  have  done  by  itself.  This  thought  not  only  bears  directly 
upon  the  question  of  preparing  composts  with  dung,  but,  as  has 
already  been  suggested,  it  is  most  intimately  connected  with  the 
problem  how  best  to  preserve  manures. 

Composting  saves  Manure, 

As  matters  actually  stand,  there  appears  to  be  little  doubt  that 
the  results  of  practical  experience  teach  that,  in  many  situations, 
a  larger  proportion  of  the  useful  ingredients  of  dung  and  urine  can 
be  saved  by  mixing  these  substances  with  comparatively  large 
quantities  of  peat,  or  loam,  or  clay,  or  straw,  or  leaves,  before 
fermentation  has  set  in,  than  by  suffering  the  excrement  to  fer- 
ment in  the  barnyard  by  itself.  Mention  has  already  been  made 
of  the  fact  that  horse-manure  may  be  preserved  by  mixing  it  with 
enough  moist  peat  or  loam  to  check  the  action  of  the  fungus 
which  causes  *' fire-fanging."  But  in  such  admixture  may  be 
seen  the  beginnings  of  tlie  so-called  process  of  composting,  and  it 
may  be  said,  truly  enough,  that  composting  is  practised  in  some 
sort  wherever  loam  and  peat,  or  even  straw  or  leaves  are  used  for 
bedding  animals. 

It  may  be  well  at  this  point  to  recur  to  the  practical  experience 
of  farmers,  and  to  cite  some  new  examples  from  it,  though  it 
needs  to  be  said,  at  the  start,  that  many  farmers  are  strongly  op- 
posed to  the  use  of  loam  bedding  in  cow-stables.  Their  objections 
are  based,  however,  mainly  upon  the  dirtiness  of  the  earth  and 
the  labor  of  handling  it;  the  criticism  does  not  depend  upon 
chemical  considerations,  and  most  farmers  seem  to  agree  that  cow- 
manure  may  be  very  well  preserved  by  the  earth.  Some  farmers 
have  claimed,  indeed,  that  cows  can  be  kept  clean  enough  for  all 
practical  purposes  by  using  straw  for  bedding  them,  in  conjunc- 
tion with  the  loam ;  and  they  hold  that  the  trouble  thus  taken  is 
more  than  paid  for  by  the  comfort  of  the  animals  and  the  increase 
of  manure.  Probably  peat  or  loam  covered  with  sawdust  would 
serve  a  good  purpose. 

Loam  for  bedding  AniToals. 

In  Egypt,  on  the  Nile  Delta,  in  March,  1879,  when  the  river 
was  low,  Caird  noticed  that  "  Manure  is  collected  by  carrying  in 
earth  to  bed  the  stalls  in  which  the  cattle  are  placed  at  night,  and 
where  they  receive  forage.     Nothing  is  allowed  to  run  to  waste." 
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But,  as  is  well  known,  most  of  this  manure  is  dried  to  serve  as 
fuel. 

Rotenhan,  in  Germany,  describes  as  follows  his  method  of  bed- 
ding 100  head  of  neat  cattle  during  the  winter  months  on  nothing 
but  loam.  A  line  of  heavy  joists  is  laid  down  and  firmly  fastened 
to  the  floor  behind  the  animals,  i.  e.  between  them  and  the  gang- 
way, in  order  to  hold  the  loam  in  place.  The  whole  of  the  stand- 
ing-room between  these  joists  and  the  cribs  is  filled  with  a  layer 
of  dry  loam,  the  depth  of  which  is  as  much  as  8  or  10  inches  at 
the  rear,  i.  e.  next  the  joist.  In  this  way  a  horizontal  layer  of 
earth  is  provided  for  the  animals  to  stand  upon. 

Three  or  four  times  a  day  the  dung,  with  whatever  loam  has 
become  moistened  with  urine,  is  scraped  out  and  left  in  little  heaps 
behind  the  animals,  while  the  holes  and  irregularities  of  surface 
that  have  been  made  by  removing  the  loam  are  filled  up  or 
smoothed  off  by  scraping  into  them  eai*th  from  other  parts  of  the 
bed.  Once  a  day  the  heaps  of  dung  and  loam  are  thrown  out 
into  the  yard.  At  the  end  of  every  fortnight  or  three  weeks,  the 
staDding-room  is  cleaned  out  and  a  new  layer  of  loam  laid  down 
in  it,  for  the  reason  that  the  continual  trampling  of  the  cattle  im- 
pacts the  earth  so  firmly  that  it  can  no  longer  absorb  urine  as 
quickly  as  is  desiped. 

In  order  that  the  animals  may  be  kept  clean,  dry,  and  healthy 
in  this  way,  it  is  essential  that  the  earth  should  be  dry.  Sandy 
loam  does  well,  and  so  do  loams  rich  in  humus,  but  clays  are  bad. 
The  more  humus  there  is  in  the  earth,  so  much  the  larger  will  its 
power  of  absorbing  water  be,  and  so  much  the  smaller  quantity  of 
it  will  be  required.  The  use  of  dry  peat  for  this  purpose  is  not 
uncommon.  Rotenhan  carted  the  loam  in  autumn  and  kept  it 
under  a  roof.  Each  of  his  animals  appears  to  have  used  as  much 
as  one  or  two  two-horse  loads  of  the  loam  every  month.  Heiden 
computes  that,  for  1000  lb.  of  live  weight,  cows  will  need  some 
180  lb.  of  loam  (2|  cubic  feet)  per  diem  in  order  that  they  may 
stand  tolerably  dry. 

Another  way  of  applying  the  earth  is  cited  by  S.  W.  Johnson 
in  his  essay  on  '*Peat  and  its  Uses."  Mr.  Holbrook  of  Brattle- 
boro',  Vt.,  every  morning  before  cleaning  the  cow-stable,  throws 
a  bushel-basketful  of  peat  upon  the  dung  behind  each  of  the 
animals.  The  peat  absorbs  completely  the  urine  and  other  mois- 
ture of  the  manure,  which  is  held  in  a  water-tight  trench  behind 
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the  cattle,  and  the  warm  mixtare  soon  enters  into  fermentation 
when  thrown  from  the  stable.  Mr.  Holbrook,  looking  at  the  mat- 
ter as  a  making  of  manure  from  peat  rather  than  as  a  saving  of 
manure  by  peat,  maintains  that  ''much  more  peat  can  be  well 
prepared  for  use  in  the  spring  in  this  way  than  by  any  of  the 
ordinary  methods  of  composting." 

Compost-Heaps. 

Many  farmers  prefer  to  make  their  compost  in  heaps.  A  com- 
mon plan  is  to  lay  down  a  bed  of  peat  six  or  eight  feet  wide  and 
a  foot  or  so  thick,  to  cover  it  with  a  layer  of  dung  of  somewhat 
less  thickness,  followed  by  another  layer  of  peat,  and  so  on,  until 
the  heap  has  become  three  or  four  feet  high.  Various  proportions 
of  peat  are  employed  by  different  farmers  in  the  preparation  of 
these  compost-heaps.  The  ordinary  range  is  from  1  to  5  loads  of 
peat  to  1  load  of  manure,  according  to  the  kind  of  peat  and  the 
quality  of  the  dung.  Rich  dung  from  stall-fed  horses  or  fatting 
cattle  will  bear  more  peat  than  that  from  animals  less  highly  fed. 
If  there  be  much  straw  or  other  litter  in  the  manure,  less  peat  will 
be  added  to  it  than  if  the  dung  were  clear.  Generally  speaking, 
the  farmer  would  naturally  tend  to  use  more  or  less  peat  in  com- 
posting, according  as  his  land  is  light  and  sandy  and  in  need  of 
humus,  or  already  charged  with  that  substance. 

The  practical  rule  is  to  use  no  more  peat  "  than  can  be  fer- 
mented thoroughly  by  the  manure,"  though  it  may  perhaps  fairly 
be  questioned  whether  this  rule  should  be  applied  rigidly  in  all 
cases.  Possibly  a  better  loile  would  be  not  to  use  enough  peat 
or  other  admixture  wholly  to  prevent  the  dung  from  fermenting. 

In  case  the  dung  were  free  from  long  litter,  it  is  possible,  though 
not  probable,  that  it  might  be  still  better  in  some  cases  to  mix  as 
much  peat  with  the  dung  as  would  just  prevent  it  from  ferment- 
ing, though  it  might  perhaps  be  difficult  to  accomplish  this  pur- 
pose. There  would  be  a  ceilain  risk  withal,  if  peat  enough  were 
used  to  prevent  the  dung  from  fermenting  in  the  usual  way,  that 
the  heap  might  proceed  to  ferment  in  some  other  unusual  and 
hurtful  way,  and  so  destroy  itself. 

Probably  there  are  many  cases  where  it  would  be  well  to  keep 
dung  and  urine  in  the  barnyard  fresh  and  raw  by  means  of  peat, 
if  that  could  be  done  without  too  much  labor,  even  if  the  peat 
should  remain  unfermented,  though  it  might  be  impracticable  to 
accomplish  this  result  unless  the  mixture  were  to  be  put  in  a  silo^ 
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and  if  a  silo  were  to  be  used  the  peat  might  well  be  dispeDsed  with 
altogether.  Hence  the  second  rule  suggested,  not  to  use  enough 
peat  wholly  to  prevent  the  dung  from  fermenting,  may  possibly 
be  the  best  of  the  three.  From  what  has  been  said  already  under 
Farmyard-Manure,  it  is  plain  that,  in  order  that  peat  or  other 
litter  shall  act  to  preserve  manure,  the  mixture  must  be  kept  moist 
and  firmly  compacted.  The  risks  which  attend  the  free  admission 
of  air  to  such  materials  will  be  considered  more  fully  hereafter. 

Practically,  the  amount  of  peat  to  be  used  must  always  be  de- 
termined by  considerations  of  economy  relating  to  the  particular 
farm  on  which  the  compost  is  to  be  made.  So  long  as  peat  can 
be  hauled  at  small  cost  by  men  and  teams  belonging  to  the  farm, 
at  times  when  work  is  slack,  and  no  moi'e  profitable  way  of  ex- 
pending the  labor  can  be  found,  it  will  be  well  to  haul  it,  provided 
that  the  cost  of  labor  to  be  expended  in  preparing  the  compost 
and  in  distributing  the  bulky  material  in  the  fields  is  less  than  the 
cost  of  obtaining  an  equivalent  quantity  of  commercial  fertilizers 
would  be. 

Composts  require  muck  Labor, 

As  regards  weight  and  the  amount  of  water  which  it  can  hold 
in  its  pores,  swamp  muck  differs  less  from  farmyard- manure  than 
might  be  supposed.  As  tested  by  Henry  Stewart,  a  cubic  foot  of 
soft,  wet  muck,  such  as  could  be  cut  like  butter,  although  it  was 
somewhat  fibrous,  weighed,  as  taken  from  the  bog,  67  lb.  When 
dried  in  warm  air,  it  gave  off  83  ^  of  water.  At  the  same  time, 
Stewart  found  that  fresh  horse-manure,  free  from  litter,  when 
pressed  tightly  into  a  box  with  a  rammer,  weighed  64  lb.  to  the 
cubic  foot;  and  that  fresh  cow-manure,  free  from  litter,  and 
similarly  packed,  weighed  66  J  lb.  to  the  cubic  foot.  Cow-manure 
taken  from  the  bottom  of  a  heap,  where  it  was  saturated  with 
urine  and  had  become  partly  rotted,  weighed  70^  lb.  to  the  cubic 
foot. 

On  the  other  baud,  it  must  always  be  remembered  that  the  com- 
mercial fertilizers  are  concentrated  and  compact,  and  that  the  cost 
of  distributing  them  is  small.  It  is  true,  in  fact,  that  the  widely 
extended  use  of  these  fertilizers  in  recent  years,  or  rather  the 
ability  to  pi*ocure  them  readily,  has  caused  composts  to  fall  into 
disrepute.  Compost-heaps  are  established  much  more  rarely  now- 
adays in  New  England  than  they  were  formerly ;  though  the  re- 
mark, as  quoted  by  Professor  Johnson,  that  *'  the  composting  of 
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muck  and  peat  with  stable  and  barnyard-manures  is  surely  des- 
tined to  become  one  of  the  roost  important  items  in  farm  manage- 
ment thi'oughout  all  the  older  States,"  is  probably  still  true  of  a 
land  of  small  proprietors,  for  whose  labor  there  is  at  times  no 
profitable  outgo.  It  can  hardly  be  accepted,  however,  as  it  stands, 
with  regard  to  farms  worked  by  hired  labor  for  the  sake  of  money 
profit  only.  In  the  immediate  vicinity  of  a  city,  moreover,  it 
would  usually  be  more  profitable  to  expend  labor  in  hauling  out 
horse-dung  or  night-soil  than  in  building  compost-heaps. 
Composting  saves  Nitrogen, 

As  has  already  been  intimated,  there  is  still  much  to  be  learned 
with  regard  to  the  chemical  changes  which  occur  when  manures  or 
composts  ferment.  It  is  to  be  presumed,  of  course,  economically 
and  practically  speaking,  that  no  process  of  fermentation  can  do 
more  than  change  the  things  which  are  originally  present  in  the 
dung  or  in  the  peat  into  new  forms.  It  is  not  to  be  supposed  that 
enough  nitrogen  can  be  absorbed  from  the  air  and  fixed  in  a  single 
compost-heap  to  be  of  much  practical  significance.  Yet  there  are 
many  peats,  which  long  experience  has  shown  to  be  good  for 
making  composts,  that  appear  at  first  sight  to  contain  no  very 
large  quantity  of  matters  useful  for  vegetation.  A  peat  of  ex- 
cellent reputation,  analyzed  by  S.  W.  Johnson,  was  found  to  con- 
tain, when  in  the  air-dried  state,  three  per  cent  of  ashes,  more 
than  half  of  which  was  mere  sand,  and  one  and  a  half  per  cent  of 
nitrogen,  upon  which,  of  course,  the  chief  value  of  the  material 
must  depend.  This  peat  was  composed  almost  entirely  of  carbon, 
hydrogen,  and  oxygen,  neither  of  which  elements  can  be  classed 
among  fertilizing  substances ;  whence  it  is  plain  that,  excepting  as 
regards  its  nitrogen,  no  very  large  amount  of  plant-food  can  be 
got  directly  from  a  peat  even  so  good  as  this  one. 

But  in  addition  to  the  nitrogen  which  is  contained  in  them,  there 
are  several  ways  of  accounting  for  the  utility  of  peat.  First  of 
all,  it  is  to  be  noticed  that  peat,  at  least  when  in  its  crude  state, 
is  an  antiseptic  or  germicide  agent  of  considerable  power.  Sour 
peat  will  kill  the  micro-organisms  that  cause  fermentation,  or  pre- 
vent them  from  thriving,  so  that  active  fermentation  could  hardly 
occur  in  presence  of  any  considerable  quantity  of  it.  This  fact 
goes  far  to  explain  how  it  is  that  peat,  when  used  for  bedding 
animals  or  for  absorbing  their  liquid  dejections,  serves  so  well  to 
preserve  the  manure,  i.  e.  by  delaying  fermentation. 
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Moreover  the  hamic  acids  in  peat,  even  that  which  has  been 
thoroughly  weathered,  are  highly  effective  agents  for  absorbing 
ammonia.  In  this  respect.  Professor  Johnson  found  that  a  swamp 
muck  from  the  neighborhood  of  New  Haven  was  capable  of  ab- 
sorbing 1.3  ^  of  ammonia,  while  ordinary  soil  absorbed  only  from 
0.1  to  0.5  ^.  Heiden  also  noticed  tliat  a  light,  fibrous,  cnimbly 
peat  used  as  litter  in  cow-stables,  which  contained  when  air-dried 
0.37  ^  of  ash-ingredients  and  93  ^  of  organic  matter,  of  which 
11  %  was  humic  acid  and  0.64  %  was  nitrogen,  was  capable  of 
binding  l.G  %  of  ammonia.  He  urges  that  such  peat  would  be 
excellent  for  composting  with  night-soil,  and  that  the  product 
would  be  a  good  manure  for  light  lands. 

Koenig  also  has  shown  by  an  elaborate  research  that  peat-moss 
and  peats  of  various  kinds  can  absorb  and  fix  large  quantities  of 
ammonia  from  solutions  of  the  hydrate  and  carbonate  and  phos- 
phate, i.  e.  from  compounds  of  ammonia  with  weak  acida^  The 
reactions  are  very  different,  however,  as  regards  solutions  of  the 
sulphate,  chloride  and  nitrate  of  ammonia,  and  there  are  many 
peats  which  can  absorb  but  little  ammonia  from  solutions  of  these 
salts.  On  leaching  the  peats  with  hot  acids  in  order  to  remove 
most  of  their  basic  constituents,  it  appeared  that  their  absorptive 
power  was  diminished  in  respect  to  the  sulphate,  chloride  and 
nitrate  of  ammonia,  but  that  the  leached  peat  could  fix  as  much 
ammonia  as  the  natural  peat  (or  even  more)  from  ammonia  water, 
carbonate  of  ammonia  and  phosphate  of  ammonia.  It  was  noticed 
that  even  paper  pulp  absorbed  some  ammonia  from  ammonia 
water,  and  a  little  from  carbonate  of  ammonia,  but  none  from  a 
solution  of  chloride  of  ammonium.  Koenig  attributes  this  fixing 
power  in  part  to  chemical  action  and  partly  to  physical  adhesion, 
but  Van  Bemmelen  is  disposed  to  attribute  it  to  the  binding  action 
of  colloid  humus. 

The  results  given  in  the  table  were  obtained  by  Detmer  in  ex- 
periments where  ammonia  gas  was  passed  through  tubes  charged 
with  mixtures  of  peat  and  sand :  — 


The  Mixture  contained 
Per  Cent                  Per  Cent 
of  Sand.                    of  Feat. 

There  wore  ab- 
sorbed OraniB 
of  Ammonia. 

EachlOOOramsofthe 

Peat  absorbed  Grams 

of  Ammonia. 

100 

•  • 

0.093 

■  •  • 

90 

10 

0.187 

2.06 

80 

20 

0.311 

2.37 

70 

30 

0.654 

3.80 

60 

iO 

0.996 

4.70 

PEAT-MOSS    VS*    STKAW.  331 


60 

50 

1.090 

4.18 

40 

60 
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3.30 

10 

90 

1.494 

3.30 

, , 

100 
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Peat-Moss  as  Bedding. 

In  some  parts  of  Germany  a  fibrous  variety  of  peat  —  the  so- 
called  peat-moss  —  is  used  even  for  bedding  horses,  usually  by 
itself,  though  in  some  cases  a  thin  layer  of  straw  is  spread  upon  a 
three  or  four-inch  layer  of  the  peat-moss.  It  is  said  that  any 
friable  peat  that  is  fibrous  enough  not  to  become  muddy  when  wet 
admits  of  being  used  in  this  way.  In  recent  years,  large  quan- 
tities of  this  bi-own  peat-moss  fibre  have  been  exported  from  Ger- 
many to  England  and  to  the  United  States  to  be  used  for  litter, 
as  a  substitute  for  straw.  This  peat-fibre  absorbs  a  much  larger 
amount  of  water  than  straw  can,  and  the  humic  acids  in  it  act  both 
to  hinder  the  fermentation  of  urine  and  to  hold  the  ammonia  which 
finally  results  from  its  decomposition. 

It  is  urged,  among  other  merits  of  the  peat-moss,  that  horses 
will  not  eat  any  of  it,  that  it  is  easy  to  keep  the  animals  clean, 
and  that  hardly  any  odor  of  ammonia  need  be  perceived  in  stables 
where  it  is  used.  Indeed  it  seems  to  be  admitted  that  stables  and 
cow-stalls  littered  with  peat-moss  are  sweeter  that  those  littered 
with  straw.  English  experience  goes  to  show  that  one  ton  of  the 
peat-fibre  used  as  litter  may  do  the  work  of  nearly  two  tons  of 
straw.  According  to  Arnold  fine  peat-fibre  will  absorb  some  7.5 
to  8  times  its  weight  of  water,  while  straw  and  sawdust  are  able  to 
take  up  only  about  3.5  to  4  times  their  weight.  Petermann  found 
that  100  lb.  of  peat-moss  was  equal,  for  purposes  of  bedding 
animals,  to  some  210  or  225  lb.  of  straw.  It  is  important,  how- 
ever, that  any  excessively  wet  pai*ts  of  the  bed  of  litter  should  be 
replaced  without  much  delay  with  fresh  peat-moss  for  the  very 
fact  of  the  high  absorptive  power  of  the  peat,  taken  in  connection 
with  its  dark  color,  makes  it  a  less  cleanly  bedding  than  straw, 
and  less  diy  also,  unless  pains  are  taken  to  keep  it  in  good  order. 

Experiments  made  in  Paris  by  the  Omnibus  Co.  went  to  show 
that,  when  used  as  litter,  3.3  kilos,  of  peat-fibre  served  as  good  a 
pni-pose  as  3.5  kilos,  of  sawdust,  or  4.8  kilos,  of  straw.  The 
amounts  of  manure  produced  per  day  and  per  horse  were,  with  the 
peat  10  to  11   kilos.,  with  sawdust  12  to  13  kilos.,  and  with 
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straw  25  kilos. ;  and  the  percentage  amounts  of  nitrogen  in  these 
manures  were  0.68,  0.45  to  0.49  and  0.51  respectively. 

According  to  Arnold,  peat-fibre  absorbs  moisture  so  evenly 
that,  in  so  far  as  this  point  is  concerned,  it  would  make  little 
difference  whether  a  given  quantity  of  the  material  were  to  be 
strewn  all  at  once  in  the  horse-stall,  or  by  3  or  4  instalments.  But 
in  order  to  avoid  odors  it  is  necessary  to  spread  no  more  than  a 
thin  layer  of  the  peat  and  to  replace  it  as  soon  as  it  has  become 
moist.  Since  the  peat  occupies  much  less  space  than  straw  it  is 
specially  well  suited  for  use  in  stables  where  the  dung-pit  is 
small. 

Analysis  No.  I  in  the  following  table  is  by  Arnold ;  No.  II  is 
by  Voelcker.  In  most  instances,  the  materials  were  air-dried. 
No.  Ill  is  by  Wattenberg.  100  parts  of  No.  Ill  absorbed  860  to 
895  parts  of  water,  while  rye-straw  absorbed  only  390  parts,  and 
spruce  sawdust  368  parts.     No.  IV  is  by  A.  Mayer  at  Wage- 

ningen,  in  Holland. 

L  IL  in.  IV. 

%  %  %  % 

Water 14.60  13.00  18.90  20.00 

Organic  matter     .    .    .    84.29  85.00  78.90 

Ashes 1.21  2.00  0.87-1.33  2.10 

Potash 0.08  0.04 

Phosphoric  acid    .     .     .      0.08            ....  0.04 

Total  nitrogen      .     .     .      0.64  0.60  0.49  0.80 

Fleischer  tested  peat-moss,  for  bedding  cows,  as  compared  with 
rye-straw  chopped  to  five-inch  lengths,  and  found  that  3.5  kilo, 
of  the  peat-moss,  p6r  head  and  day,  or  4.6  kilo,  of  straw,  were 
competent  to  absorb  all  the  urine.  There  was  produced  mean- 
while, per  head  and  day,  51  kilo,  of  the  peaty,  and  55  kilo,  of  the 
strawy  manure.  In  other  trials,  3.5  kilo,  of  peat-moss  and  4.3 
and  5  kilo,  of  straw  were  expended  per  head  and  day,  and  54.5, 
53.4,  and  57  kilo,  of  manure  were  produced  respectively.  An- 
alysis of  the  manure  showed  that  the  peaty  product  contained 
more  easily  soluble  nitrogen  compounds  than  the  strawy  manure 
contained,  and  it  was  calculated  that  a  stable  of  10  cows  bedded 
with  the  peat  could  retain,  in  a  year,  140  kilo,  more  of  the  easily 
soluble  nitrogen  compounds  than  would  be  retained  by  the  straw. 
On  applying  the  two  kinds  of  manure  to  oats,  rye  and  potatoes 
in  the  field,  it  appeared  that  on  light  land  the  peaty  manure  gave 
rather  better  crops  than  the  strawy  manure.     The  better  nitrog- 
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enoas  condition  of  the  peaty  manure  was  shown  by  the  fact  that 
the  leaves  of  the  peat  crops  were  darker  colored  than  the  others, 
and  of  more  luxuriant  growth. 

Bomtraeger  has  noticed  that  stable-manure  of  which  the  light, 
porous  peat- moss  is  a  constituent  part  nitrifies  much  more  rapidly 
than  manure  with  which  a  more  compact  peat  has  been  admixed. 
In  experiments  by  Muntz  and  Lavalard,  mangolds  were  dressed 
with  35  tons  to  the  acre  of  manure  from  stables  where  straw  and 
peat-moss  had  been  used  respectively,  and  rye  was  grown  the 
next  year  without  any  additional  manure.  There  was  harvested, 
lb.  per  acre,  from  the  — 

lit  Ynr.  Sd  Yaar. 

Beets.  Bye. 

Strawy-manure 31,680  909 

Peat-moss-manure 38,720  1,086 

Hitier,  also,  made  trials  with  sugar-beets  on  a  strong,  clayey 
soil.  The  same  quantity  of  strawy  and  of  peat-moss  manure  was 
used  on  each  plot,  and  the  manure  was  re-enforced,  in  both  cases, 
with  a  heavy  dressing  of  ground  phosphate  rock.  There  was  har- 
vested, lb.  per  acre,  from  the  — 

Beets.  Sugar. 

Strawy-manure 27,960  4,016 

Peat- moss-manure 34,144  4,898 

An  English  observer,  Murray,  has  urged  that  the  action  of  this 
manure,  both  on  grass  and  tillage  land,  is  quick  but  not  of  long 
duration,  as  there  is  little  appreciable  result  after  the  second  year. 
Composting  corrects  Acidity. 

It  is  probable  that  one  important  step  in  the  curing  of  peat  in 
dung  composts  is  the  neutralizing  of  the  sourness  of  the  peat 
through  the  alkalinity  of  the  manure,  just  as  in  composts  made 
with  lime  or  with  potash  the  acidity  of  the  peat  is  neutralized. 
There  are  English  experiments  which  show  not  only  that  peat  is 
really  effective  for  holding  ammonia,  but  that  it  is  decidedly  bet- 
ter, for  this  purpose,  than  charcoal  made  from  peat.  In  one  of 
these  trials,  300  gi-m.  quantities  of  the  peat  and  the  charcoal  were 
mixed  with  half-ounce  portions  of  urine  and  left  to  stand  over 
sulphuric  acid,  under  bell-glasses,  during  5  days,  and  it  was  found 
that,  while  no  ammonia  escaped  from  the  peat,  as  much  as  0.3  grm. 
of  it  volatilized  from  the  charcoal  and  passed  over  into  the  sul- 
phuric acid. 

From  some  analyses  made  by  S.  W.  Johnson,  it  would  appear 
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that  peat  can  absorb  and  retain  nitrogen  from  manures  in  some 
other  form  than  that  of  ammonia.  Thus  a  peat  which  in  the 
crude  air-dried  state  contained  only  as  much  nitrogen  as  would 
amount  to  0.58  %  of  ammonia,  was  found  to  contain  nitrogen 
equivalent  to  1.15  ^  of  ammonia  after  it  had  lain  under  the  floor- 
ing of  a  horse-stable  for  some  time,  where  it  had  been  partially 
saturated  with  urine.  Some  of  the  same  kind  of  peat,  after  hay- 
ing been  composted  with  fish,  was  found  to  contain  nitrogen  cor- 
responding to  nearly  1.31  ^  of  ammonia.  It  would  appear  in 
these  cases,  not  only  that  some  ammonia  had  been  absorbed,  but 
that  either  amids  or  other  organic  compounds  of  some  kind  had 
been  formed  by  the  decay  of  the  nitrogenous  constituents  of  the 
dung,  the  urine,  or  the  fish.  The  amounts  of  nitrogen  just  men- 
tioned seem  large,  in  view  of  the  fact  that  stable -manure  usually 
contains  considerably  less  than  one  per  cent  of  this  element.  And 
if  it  be  true,  as  would  seem  clearly  to  be  the  case,  that  peat  has 
the  power  to  absorb  and  hold  even  as  much  as  one-half  of  one  per 
cent  of  its  weight  of  nitrogen  when  composted  with  manure,  the 
fact  is  one  of  great  importance. 

Perhaps  the  best  way  of  illustrating  the  significance  of  the  nitro- 
gen in  peat-composts  will  be  to  recur  yet  again  to  the  well  known 
practical  fact,  that  the  application  of  a  very  small  quantity  of 
active  nitrogen  is  often  sufficient  to  insure  the  growth  of  large 
crops.  A  dressing  of  250  to  400  lb.  of  Peruvian  guano  to  the 
acre  gives  only  from  50  to  70  lb.  of  ammonia,  even  if  the  guano 
be  of  super-excellent  quality  (15  %  N)  ;  and  in  order  to  obtain 
as  much  active  nitrogen  as  this,  there  would  need  to  be  applied  to 
the  land  some  5,600  lb.  of  composted  peat  that  contained  1.25  ^ 
of  ammonia.  But  in  actual  farm  practice,  an  ordinary  rate  of 
applying  such  compost  is  ten  cords  to  the  acre,  and  it  is  fair  to 
suppose  that  each  of  these  cords  may  weigh  4,000  lb.  at  the  least. 

It  is  evident  enough  that  the  inert  matters  used  for  composting 
with  dung  and  urine  may  sometimes  act  to  check  excessive  decay 
and  to  prevent  fermentations  from  becoming  too  hot  and  too  vio- 
lent. But  it  is  a  question  still  to  be  studied,  whether  matters  rich 
in  cellulose  and  other  carbohydrates,  such  as  straw,  for  example, 
may  not  in  some  way  act  chemically,  during  their  slow  decay,  to 
shield  a  portion  of  the  nitrogenous  constituents  of  the  urine  or  the 
dung.  That  there  may  be  possibly  some  grains  of  truth  in  this 
idea  is  suggested  by  the  fact  that  the  humus  formed  through  the 
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decay  of  vegetable  matters  is,  in  many  cases,  richer  in  nitrogen 
than  the  materials  from  which  it  was  derived. 
Curing  of  Peat. 

Thus  far  the  argument  has  been  based  almost  wholly  on  the 
preservation  of  manure,  and  very  little  has  been  said  of  the  im- 
provement of  peat,  or  of  any  other  substance  used  for  composts, 
at  least  not  directly.  But  enough  has  been  said  indirectly  to 
make  it  evident  that  much  more  remains  to  be  ui^ed  on  this  side 
of  the  question.  In  fact,  there  cannot  be  any  doubt  that  peat 
and  loam,  and  leaves  and  straw,  and  many  other  organic  matters 
which  are  comparatively  inert  in  their  natural  or  crude  state,  become 
more  or  less  powerful  manures  after  they  have  been  fermented. 

It  is  an  observation  only  too  familiar,  that  heaps  of  decaying 
manure  left  in  contact  with  wooden  structures  —  such  as  the  side 
of  a  bam,  for  example  —  "make  the  wood  rot."  So,  too,  the 
nets  of  fishermen,  when  besmeared  with  slime  and  scales,  will 
quickly  ferment  and  decay  unless  they  are  heavily  salted,  or  in 
some  other  way  protected  from  the  action  of  the  ferment  with 
which  the  animal  matter  was  charged.  To  all  intents  and  pur- 
poses, "  composting  *'  occurs  in  both  these  instances.  The  boards 
of  the  barn  and  the  twine  of  the  net,  like  the  peat  or  the  straw  in 
an  ordinai-y  compost-heap,  undergo  decay  because  their  compo- 
nents soon  become  involved  in  the  fermentation  which  was  at  first 
confined  to  the  fish-slime  or  to  the  manure.  To  take  a  still  more 
familiar  example,  a  fence-post  set  in  the  ground  speedily  rots 
because  the  wood  is  "  composted "  by  the  action  of  organisms 
which  are  contained  in  the  decaying  loam  around  it,  —  unless  in- 
deed the  post  has  been  made  of  some  specially  refractory  wood,  or 
has  been  tarred  or  otherwise  smeared  or  saturated  with  a  pre- 
servative agent  which  shall  repel  the  micro-organisms. 
Composting  disintegrates  Vegetable-Matter. 

Mention  has  already  been  made  of  the  fact  that  a  good  part  of 
the  constituents  of  straw  remain  bound  up,  and  unavailable  as 
plant-food,  until  the  organization  of  the  straw  is  destroyed ;  and 
the  same  remark  will  apply  of  course  to  all  organized  vegetable 
matters,  such  as  leaves  and  stalks,  and  twigs  or  chips  of  wood. 
But  by  causing  these  inert  matters  to  ferment,  by  mixing  them 
with  dung,  or  blood,  or  fish,  or  flesh,  or  any  other  putrescible  or 
easily  fermentable  matter,  their  organization  is  quickly  destroyed, 
and  some  part  of    tlic  nitrogenous  matters  within  them  will  be 
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made  fit  for  the  support  of  crops.  Even  the  inorganic  constita- 
ents  of  the  vegetable  matter  may  become  more  readily  available 
by  composting.  Jast  as  in  the  fermentation  of  bone-meal,  while 
the  conversion  of  ossein  to  assimilable  products  is  the  chief  desider- 
atum, it  may  still  fairly  be  inferred  that  the  phosphate  will  be  laid 
bare,  and  made  more  readily  accessible  to  solvents  and  to  the  roots 
of  plants  than  could  have  been  the  case  if  the  particles  of  bone 
had  not  been  decomposed  and  disintegrated. 

Analogy,  dmwn  from  practical  experience  with  fermented  bone- 
meal  and  fish-scrap,  points  to  the  conclusion  that  peat  and  straw, 
or  other  litter,  may  often  be  greatly  improved  when  subjected  to 
appropriate  fermentation;  and  Pagel  has  shown  by  methodical 
experiments  that  fermentation  is  really  an  efficient  means  for  im- 
proving the  inert  nitrogen  in  many  organic  matters.  He  finds 
that  much  of  the  insoluble  organic  nitrogen  is  thus  converted  to 
soluble  forms.  But  the  fermentation  must  not  be  too  violent,  lest 
much  of  the  nitrogen  be  wholly  lost. 

It  is  to  be  noted  that,  in  numberless  instances,  small  quantities 
of  so-called  toxines  or  ptomaines  are  known  to  be  formed  among 
other  products  of  the  decompositions  brought  about  by  the  micro- 
organisms to  which  fermentations  are  due.  These  toxines  are 
soluble  nitrogenous  substances,  akin  to  the  alkaloids  found  in  cer- 
tain plants,  and  although  they  may  not  themselves  be  fit  for  feed- 
ing plants,  their  formation  suggests  the  idea  that  there  may  perhaps 
be  formed  at  the  same  time  other  analogous,  organic  nitrogenous 
matters  which  are  really  useful  as  fertilizers. 

In  Pagers  experiments  one  set  of  boxes  were  charged  with  100 
lb.  or  more  either  of  bone-meal  or  of  fish-guano  that  had  been 
intimately  mixed  with  some  35  or  40  quarts  of  either  ox-urine  or 
dung-liquor,  and  the  materials  were  then  left  to  ferment ;  while  to 
another  set  of  boxes,  similarly  charged,  10  %  of  gypsum  was  added, 
and  incorporated  with  the  materials.  The  results  of  these  trials 
are  given  in  the  table. 

Vvt  Cent  of  Per  Cent  of 

MatorialB  nMd.  original  Nitro-    original  Nitro- 

gen  that  be-        gen  that  went 
came  Solnble.  to  Waate. 

1.  Flah-gnano,  nrlne,  and  gypenm  (moist) 40.4 

2.  Same  aa  No.  1,  withont  gypenm  (very  moist)  .    .    .       48.8 
8.    Bone-meal,  dang-liqnor,  and  gypsum,  yery  moist  at 

flnt,  afterwards  dry 46.6  4.7 

4.    Bone-meal  and  nrine  (moderately  moist)     ....  60.0  88.2 
6.    Fish.gnano  and  small  amount  of  dang-liqaor,  in- 
completely moistened      42.6  4.3 
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From  No.  3  it  appears,  as  has  often  been  shown  by  other  experi- 
ments, that  gypsum  hinders  the  waste  of  nitrogen  during  fermenta- 
tion. In  No.  5,  but  little  dung-liquor  was  added  in  the  beginning, 
in  order  that  the  fermentation  might  be  weak  and  slow.  Pagel 
urges  that,  in  order  that  a  fermentation  may  be  regarded  as  proper, 
much  heat  must  be  developed  by  the  materials.  A  thermometer 
thrust  into  the  fermenting  mixture  should  mark  more  than  100°  F. 
The  completion  of  the  fermentation  is  indicated  by  the  diminution 
of  the  high  temperature.  A  considerable  fall  of  temperature 
siiows  that  action  has  ceased.  But  a  new  fermentation  may  be 
excited  by  forking  over  the  heaps  of  materials,  and  moistening 
the  dry  places,  best  with  dung-liquor  or  urine.  Too  large  a  pro- 
portion of  the  urine,  or  other  fermenting  material,  should  not  be, 
used  at  first,  lest  violent  action  should  occur.  For  the  particular 
case  of  bone-meal,  25  or  30  quarts  of  dung- liquor  to  110  lb.  of 
the  meal  is  considered  to  be  a  good  proportion. 

These  Fermentations  are  analogmts  to  thai  of  Manure, 

More  or  less  time  is  required  for  the  completion  of  such  fer- 
mentations, according  as  heat  is  developed  slowly  or  speedily  at 
first,  and  according  as  the  heaps  of  material  are  large  or  small.  In 
general,  3  or  4  weeks  will  be  sufficient  for  the  completion  of  the 
process,  when  materials  such  as  bone-meal  or  fish-scrap  are  fer- 
mented. These  results  corroborate  the  observations  of  Voelcker 
on  the  decay  of  farmyard-manure.  In  his  own  words :  "In  the 
first  stage  of  decomposition,  1.  e.  during  the  active  fermentation 
of  mixed  dung  and  litter,  the  constituents  of  the  manure  are 
rendered  more  and  more  soluble,  so  that  up  to  a  certain  point  the 
amount  of  soluble  organic  matter  increases  in  farmyard-manure. 
Hence  a  larger  proportion  of  organic  matter  is  found  in  the  liquor 
that  drains  from  a  fresh  manure-heap  in  an  active  state  of  fermen- 
tation, than  in  the  liquid  from  an  old  well-rotted  heap.  But  when 
active  fermentation  in  manure-heaps  becomes  gradually  less  and 
less  energetic,  and  finally  ceases,  the  remaining  fermented  manure 
is  subject  to  that  slow  but  steady  oxidation  which  has  been  termed 
eremacausis.  To  this  process  of  slow  oxidation,  all  organic  sub- 
stances are  more  or  less  subject.  It  is  a  gradual  combustion, 
which  terminates  with  their  final  destruction." 

It  should  be  borne  in  mind  that  one  essential  condition  for  the 
fermentation  of  composts  is  that  the  materials  should  be  kept 
moist.     In  times  of  drought  it  might  be  well  to  drench  the  com- 
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post-heap  occasionally  with  barayard-liquor,  or  with  water.  It  is 
worthy  of  remark,  also,  that  Dietzell  has  found  that  the  loss  of 
free  nitrogen  gas  from  fermenting  organic  matters  may  be  pre- 
vented by  adding  to  the  materials  some  precipitated  phosphate  of 
lime. 

Straw  Compost. 
On  farms  in  Sweden  belonging  to  the  crown,  where  legal  re- 
strictions prevent  the  sale  of  straw,  the  excess  of  this  material  has 
sometimes  been  composted  by  drenching  6  or  8  feet  high  heaps  of 
it  with  water,  in  which  powdered  rape  cake  has  been  soaked  and 
stirred.  The  moist  heap,  loosely  covered  with  earth  4  or  5  inches 
deep,  is  left  to  ferment  for  a  month,  and  is  then  forked  over  and 
again  drenched  with  the  rape-cake  liquor.  The  heap  is  then  left 
*to  itself  until  hauled  out  as  manure.  From  30  wagon-loads  of 
straw  and  3  cwt.  of  rape-cake,  Bergstrand  obtained  nearly  30 
wagon- loads  of  ^ '  manure  "  in  the  course  of  two  months  and  a  half. 
On  comparing  the  product  with  stable-manure,  by  means  of  analy- 
sis, he  obtained  the  following  figures :  — 

straw  OrdinjUT 

CompMt.  Farm-Manan. 

Per  Cent.  Per  Cent 

Water 74.36  79.30 

Organic  matter 15.63  U.01 

Ashes 10.01  6.69 

Nitrogen 0.23  0.41 

PhoBphorlc  acid 0.10  0.20 

Potash 0.17  0.50 

Some  of  the  changes  which  straw  undergoes  when  composted 
have  been  studied  by  Hubert.  A  quantity  of  powdered  straw  was 
moistened  with  solutions  of  carbonate  of  potash  and  carbonate  of 
ammonia,  a  small  quantity  of  barnyard -liquor  was  added,  in  order 
to  excite  fermentation,  and  the  mixture  was  left  to  itself  for  3 
months  at  a  temperature  of  131°  F.  At  the  end  of  this  period  it 
appeared  that  the  straw  had  lost  half  its  weight,  and  that  of  the 
cellulose  alone  56  ^  had  disappeared.  While  the  original  straw 
had  contained  0.39  grm.  organic  nitrogen,  and  the  added  liquids 
had  contained  2.64  grm.  of  ammonia-nitrogen,  there  was  found  at 
the  close  of  the  experiment  0.24  grm.  of  organic  nitrogen  in  the 
straw,  while  in  the  liquid  there  was  0.40  grm.  of  ammonia-nitro- 
gen, plus  0.96  grm.  of  organic  nitrogen.  It  appears  that  a  part 
of  the  ammonia  had  been  changed  to  nitrogenous  organic  com- 


PERMEKTATroiT   OB*  COMPOSTS.  339 

ponnds,  while  about  47  ^  of  the  original  ammoaia-nitrogen  was 
lost. 

De  Vogu^,  also,  in  studying  the  composting  of  straw  with  am- 
moniaeal  liquor  from  gas-works,  took  pains  to  saturate  2,500  kilo. 
of  straw  with  9,000  litres  of  the  liquor,  and  noticed  that  the  vio- 
lent fermentation  which  soon  set  in  culminated  on  the  13th  day, 
when  the  temperature  of  the  heap  was  higher  than  212°  F.  Much 
vapor  of  water  was  given  off,  as  well  as  carbonic  acid.  Analysis 
showed  that  the  gases  evolved  contained  32  %  of  carbonic  acid, 
but  no  more  than  traces  of  oxygen.  The  carbonate  of  ammonia 
of  the  gas-liquor  acted  on  the  organic  matter  of  the  straw  to  de- 
compose and  dissolve  it,  and  the  ammonia  entered  into  combina- 
tion with  the  humic  products  of  the  reaction,  so  that  a  black  liquid 
oozed  from  the  bottom  of  the  heap.  It  was  observed  that,  beside 
the  carbonic  acid  formed  through  oxidation  of  the  straw,  some 
part  of  that  evolved  from  the  heap  came  from  the  decomposition 
of  the  carbonate  of  ammonia  by  the  humic  acids  which  resulted 
from  the  decomposition  of  the  straw. 

After  the  first  fortnight  the  activity  of  the  fermentation  grad- 
ually lessened,  though  carbonic  acid  continued  to  be  given  off  in 
diminishing  quantity  during  4.5  months,  when  the  operation  was 
regarded  as  finished.  The  contents  of  the  heap  then  looked  like 
half -rotted,  black  manure,  and  it  was  found  that  they  had  de- 
creased in  weight  to  the  extent  of  4,200  kilo.,  i.  e.  a  little  more 
than  one-third  of  the  weight  of  the  original  materials  had  been 
lost.  Analysis  of  a  sample  taken  from  the  heap  on  the  33d  day  of 
the  experiment  showed  80  ^  of  water  and  20  ^  of  dry  matter. 
The  undried  compost  contained  at  that  time  :  — 

0.067  %  of  ammonia-nitrogen,  volatile  at  212''  F. 

0.130%  of        **  «»         non-volatile  at  212*' P. 

0.483  %  of  organic  nitrogen, 

0.680%  of  total  nitrogen, 
which  is  an  amount  rather  larger  than  that  found  in  most  samples 
of  first-rate  farmyard-manure. 

The  Fermentations  of  Sugar. 
Perhaps  some  idea  of  what  happens  in  the  fermentation  of 
straw  —  as  well  as  of  peat,  or  wood,  or  any  other  composted  veg- 
etable matter  —  may  be  gained  by  considering  some  of  the  reac- 
tions which  occur  in  the  fermentations  of  sugar.  Grape-sugar 
(CgH^Oe)  contains  40  %  of  carbon,  6.67  %  of  hydrogen,  and 
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53.33  ^  of  oxygen,  and  when  it  is  subjected  to  the  action  of  the 
yeast-plaut,  it  breaks  up  for  the  most  part  into  alcohol  and  car- 
bonic acid, 

CeHijOe  -=  2  C,H,0,  +  2  CO,, 
although  small  quantities  of  some  other  substances,  notably  gly- 
cerin and  succinic  acid,  are  formed  as  the  result  of  subsidiary  re- 
actions. On  the  other  hand,  when  grape-sugar  is  subjected  to  the 
action  of  the  butyric  ferment,  it  may  break  up  into  butyric  and 
carbonic  acids,  while  hydrogen  gas  is  evolved  :  — 
C,n,fi,  =  C.H^O,  +  2  CO,  +  n,. 

But  in  like  manner,  cellulose  (CqH^oOs)  ,  which  constitutes  the 
outer  coating  or  wall  of  most  vegetable  cells,  may  break  up  into 
substances  simpler  than  itself  under  the  influence  of  one  or  another 
ferment,  and  this  remark  will  apply  to  straw  and  wood,  and  all 
other  vegetable  matters.  Pure  cellulose  contains  44.44  %  of  car- 
bon, 6.17  ^c  o^  hydrogen,  and  49.39  %  of  oxygen,  while  the  com- 
position of  wood  has  been  found  to  range  from  46  to  54  ^  of 
carbon,  6  to  6.65  %  of  hydrogen,  and  39  to  47  %  of  oxygen,  to- 
gether with  some  nitrogen.  Sawdust  contains  about  1  %  of  ni- 
trogen, while  young  twigs,  with  their  leaves,  may  contain  2  or  8  % 
of  it.  As  a  rough  approximation,  the  composition  of  wood  has 
sometimes  been  represented  by  the  formula  C^^H^gOj,,  and  that  of 
some  kinds  of  peat  has  been  written  C^^^fi^.  But  from  the 
analogy  of  sugar  it  is  easy  to  conceive  how  the  constituents  of 
wood  or  straw  may  be  broken  down  by  fermentation,  and  it  is  to 
be  presumed  that  a  part  of  the  nitrogen  of  the  woody  fibre  may 
be  changed  either  to  ammonia  or  to  some  other  compound  which 
can  afterwards  be  nitrified  more  readily  —  when  exposed  to  fit 
conditions  —  than  the  original  nitrogenous  matter  of  the  wood 
could  have  been  nitrified. 

Peat-Composts. 

In  the  preparation  of  peat-composts,  dung  and  fish  are  the  ma- 
terials commonly  employed  to  excite  fermentation :  but  urine,  or 
guano,  or  the  dung  of  fowls,  would  serve  the  purpose  excellently. 
Blood  is  objectionable,  because  of  the  horribly  offensive  odor 
which  is  exhaled  by  composts  prepared  with  it.  It  might  not  be 
easy  to  say  just  what  the  substances  are  which  smell  so  offensively, 
but  there  is  every  reason  to  believe  that  they  have  no  agricultural 
significance.  There  is  no  greater  fallacy  than  that  which  gauges 
the  worth  of  a  manure  by  the  stench  the  manure  emits. 
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By  the  process  of  fermenting,  time  is  gained ;  tlie  organization 
of  the  vegetable  matters  is  broken  down  in  a  few  weeks  or  months 
in  the  compost-heap,  instead  of  resisting  decay  for  a  long  time,  as 
would  be  the  case  if  the  matters  were  left  to  themselves.  This 
point  might  be  illustrated  by  reference  to  an  oak  stump.  Left  to 
itself,  the  stump  long  resists  decay,  though  the  mould  which  finally 
results  from  its  decay  is  rich  in  plant-food.  But  the  decay  could 
soon  be  effected  by  reducing  the  fresh  stump  to  the  condition  of 
saw-dust,  and  fermenting  this  saw-dust  in  any  appropriate  way. 
Another  striking  illustration  was  offered  by  the  former  use  of  wool- 
len rags  in  European  agriculture.  These  rags,  as  has  been  shown 
already,  contained  12  to  14  %,  sometimes  even  16  or  18  ^,  of  ni- 
trogen, but  they  decomposed  so  slowly  in  the  soil  that  their  action 
was  felt  on  good  moist  land  for  7  or  8  years,  in  case  they  were 
applied  in  the  un fermented  state.  But  when  fermented  by  means 
of  urine  or  guano-water,  as  was  the  old  practice,  they  became  a 
quick-acting  and  powerful  manure. 

In  point  of  fact,  a  great  variety  of  organic  matters  which,  in 
their  original  condition,  are  unsuitable  for  feeding  plants,  are  es- 
sentially changed  by  the  action  of  the  microscopic  organisms  that 
cause  fermentation,  and  are  converted  in  some  part  into  real  plant- 
food.  The  idea  is,  that  micro-organisms  develop  readily  and  rap- 
idly in  urine,  or  dung,  or  other  easily  putrescible  substances  which 
can  supply  them  with  agreeable  food,  and  that  when  rags,  or  the 
like,  ace  brought  into  contact  with  the  ferment,  they,  also,  become 
involved  in  the  destructive  processes.  The  rags,  as  well  as  the 
urine,  are  consumed  in  some  part  by  the  ferment  microbes,  and 
the  unconsumed  portions  break  up  into  new  chemical  compounds, 
unlike  those  of  the  original  cmde  materials.  In  this  sense  would 
now  be  explained  the  old  and  fruitful  conception  that  matter  in  a 
state  of  change,  on  being  put  in  contact  with  other  matter  which 
is  inert  and  at  rest,  may  cause  it  to  undergo  changes  in  its  turn. 

Peat,  also,  like  the  organized  substances  just  mentioned,  is 
often,  not  to  say  usually,  very  much  improved  by  fermentation. 
As  has  been  said,  some  kinds  of  peat  (such  as  may  occur  in  lime- 
stone countries)  serve  very  well  as  manure  when  applied  to  the 
soil  directly,  without  weathering,  fermentation,  or  preparation  of 
any  kind.  Some  sorts,  moreover,  ferment  of  themselves  when 
thrown  up  into  heaps,  and  exposed  to  warm,  moist  weather.  But 
there  are  other  kinds  which  are  wellnigh  useless  as  manures,  un- 
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less  they  have  either  been  rotted  or  fermented  by  means  of  appro- 
priate additions,  so  that  their  gumminess,  stickiness,  and  sourness 
may  be  destroyed ;  they  are  thus  made  fit  for  nitrification,  and  be- 
come capable  of  supplying  food  to  plants.  Excepting  limestone 
countries,  the  inert  peats  are  much  more  common  than  those  which 
are  already  mellow. 

In  view  of  these  differences,  it  is  not  strange  that  some  farmers 
should  have  deemed  mere  exposure  of  peat  to  the  air  to  be  a  suf- 
ficient preparation  of  this  material,  for  the  practice  may  be  judi- 
cious as  regards  some  kinds  of  peat.  It  is  often  justified,  withal, 
by  considerations  of  labor  and  the  cost  of  distribution.  But  the 
surest  and  safest  way  of  obtaining  good  results  with  peat  is  to  fer- 
ment it  artificially  in  the  compost-heap.  With  peat,  as  with  the 
vegetable  matters,  the  usual  fermenting  agent  is  the  dung  of  ani- 
mals. Horse-dung  is  esteemed  to  be  the  best  kind,  though  urine 
would  be  better ;  and  fish  has  been  used  largely  for  the  purpose, 
especially  on  the  southern  coast  of  New  England.  Guano  has 
been  used  also  as  the  ferment,  in  the  proportion  of  one  part  of 
guano  to  5  or  6  parts  of  peat.  So,  also,  have  blood  and  the  offal 
of  slaughter-houses,  fish-scrap,  cotton-seed-meal,  soap-boilers' 
scraps,  curriers'  scraps,  night-soil,  and  other  easily  decomposable 
animal  or  vegetable  matters. 

In  case  flesh  is  used,  as  when  an  animal  has  died  from  disease, 
it  will  be  well  to  divide  the  flesh,  and  to  distribute  it  in  such  man- 
ner that  a  tolerably  equable  mixture  of  it  and  the  peat  may  be 
had.  A  small  piece  of  flesh  will  ferment  many  times  its  own  bulk 
of  peat,  provided  it  be  brought  into  tolerably  intimate  contact  with 
the  peat.  On  account  of  the  peculiarly  offensive  odor  of  such 
compost,  it  is  best  not  to  open  the  heaps  except  in  winter  weather. 
Such  compost  had  better  be  hauled  to  the  fields  in  cold  weather, 
and  ploughed  under  as  soon  as  may  be  practicable  in  all  cases. 
A  similar  remark  will  apply  to  composts  made  with  night-soil.  If 
care  be  taken  to  work  upon  such  heaps  in  winter,  the  laborers 
will  be  less  perturbed.  There  is  one  trouble  with  flesh-made  com- 
posts, in  that  all  the  dogs  in  the  countryside  are  apt  to  dig  at  the 
heaps. 

Rough  and  Ready  Methods  of  making  Composts. 

One  valuable  resource  for  making  compost  is  the  kitchen  sink. 
Suppose  that,  at  a  convenient  distance  from  the  house,  a  hole  be 
dug,  three  or  four  feet  deep,  and  of  such  shape  that  carts  can  be 
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driven  into  it,  and  that  a  gutter  be  carried  to  this  hole  from  the 
e'nk.  By  throwing  into  this  hole,  occasionally,  a  quantity  of  peat 
oi  of  sods  or  weeds,  together  with  sweepmgs  from  the  house,  the 
dooryard,  and  the  barn,  and  letting  the  liquid  refuse  from  the 
house  loin  down  upon  these  materials,  a  very  efficient  factoiy  of 
manure  may  be  created.  It  will  be  well  to  shade  and  conceal  the 
place  with  a  hedge  of  evergreens,  and  to  have  a  heap  of  earth 
handy  to  throw  in  to  stop  smells.  This  method  of  procedure  ap- 
pears to  have  been  inherited  from  the  Romans.  At  all  events, 
several  Latin  writers  recommended  that  dung-heaps  should  be 
treated  in  this  way. 

A  still  more  simple  method  of  making  compost  was  described 
by  Jared  Eliot  in  1747.  He  had  a  long,  narrow  cowyard  at  the 
roadside,  into  which  the  animals  were  driven  every  night.  Once 
a  month  he  took  down  the  end  fences  of  this  yard  and  ran  a  plough 
through  it,  taking  care  to  turn  furrows  up  to  the  very  edges  of  the 
yard,  or  as  near  to  the  side  fences  as  was  possible.  The  end  fences 
were  then  reset,  and  the  cows  kept  in  the  ploughed  yard  at  night, 
as  before,  during  another  month,  and  so  on  through  the  entire 
summer,  ploughing  once  a  month.  He  finally  carted  the  ploughed 
earth  upon  the  adjacent  fields,  remarking  that,  as  it  was  very 
heavy,  a  long  land  carriage  was  not  easy.  He  found,  as  he  says, 
"  that  the  whole  furrow  depth  of  earth  was  become  dung,  making 
an  increase  beyond  what  one  would  imagine."  "  I  had  fourfold 
more,"  he  says,  '*than  I  should  have  produced  in  the  common 
way."  The  dung  was  spread  both  upon  grass-  and  corn-land.  "  I 
did  not  find  but  that  its  effects  were  equal  to  those  of  dung."  Per- 
haps this  plan  for  making  compost  was  suggested  by  a  method  of 
feitilizing  land  by  penning  cows  upon  it,  which  is  practised  habit- 
ually in  several  of  the  Southern  States  of  this  country,  as  will  be 
explained  in  another  chapter. 

One  item  of  evidence  serving  to  illustrate  the  merit  of  compost- 
ing is  seen  in  the  fact  that,  in  some  regions  where  the  practice  is 
habitual,  the  material  operated  upon  is  a  particularly  poor,  thin, 
cold,  sour  moor-earth,  which  of  itself  is  quite  incapable  of  sup- 
porting any  useful  plants.  Thus,  on  the  Faroe  and  Shetland  Is- 
lands, and  in  some  of  the  least  fertile  districts  of  France,  it  is  the 
custom  of  the  peasants  to  strip  the  commons  and  waste-places  of 
the  thin  covering  of  earth  and  "  sod,"  and  to  compost  this  material 
with  dung.    SQmetimes  the  earth  is  made  to  serve  for  bedding  anl« 
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mals,  and  at  others  it  is  put  where  it  can  be  crushed  and  trampled 
upon  before  it  is  made  into  heaps,  together  with  layers  of  dung, 
to  undergo  fermentation. 

'' Mussel-Bed,*' 

An  instance  of  what  might  well  be  called  natural  compost  is 
seen  in  the  mud  taken  from  beds  of  mussels  in  bays  and  tidal 
rivers  on  the  coasts  of  Maine,  New  Brunswick,  and  Prince 
Edward  Island,  and  largely  used  there  in  many  localities  for  top- 
dressing  grass-land,  and  in  general  as  a  substitute  for  farmyard- 
manure.  These  mussel-beds  are  sometimes  10  or  20,  or  even 
30  feet  thick,  and  the  mud  contains  large  quantities  of  the  shells 
of  dead  mussels,  as  well  as  worms  and  other  marine  organisms, 
beside  the  thick  layer  of  living  mussels,  whelks,  etc.,  at  the  sur- 
face of  the  bed.  Sometimes  the  mud  is  dug  up  in  the  autumn  at 
low  tide  and  thrown  into  scows,  or  it  is  lifted  in  the  winter  through 
the  ice  by  means  of  dredging-machines  worked  by  horee-power. 
It  is  so  chained  with  animal  matter  from  the  living  shell-fish,  and 
with  the  carbonate  of  lime  of  their  shells,  that  it  must  soon  fer- 
ment much  in  the  same  way  that  a  mixture  of  peat  and  fish-scrap 
would.  It  is  usually  applied  to  the  land  in  the  spring  after  having 
lain  in  heaps  during  the  winter.  Large  crops  of  hay  and  of  other 
produce  are  grown  by  means  of  it,  and  the  fertilizing  effect  is  felt 
for  many  years.  Mussels  are  said  to  be  largely  used  in  Holland, 
also,  in  some  parts  of  which  countiy  they  are  obtained  cheaply 
and  in  great  abundance.  They  have  been  specially  commended 
there  for  land  that  has  long  been  cultivated,  and  as  an  addition  to 
phosphatic  and  potassic  fertilizers. 

Alkali  Composts. 

Beside  the  easily  putrescible  organic  matters,  there  are  other 
agents  capable  of  producing  fermentation  in  heaps  of  peat  or  of 
similar  materials.  As  practical  men  well  know,  the  caustic  alka- 
lies, potash,  soda,  lime,  and  ammonia,  possess  this  power  in  high 
degree,  and  so  do  the  alkaline  carbonates,  such  as  saleratus  and 
soda  ash.  It  was  a  capital  observation  of  Angus  Smith,  that 
putrefactive  fermentation  will  shortly  set  in  when  a  soil  rich  in 
organic  matter  is  mixed  with  enough  alkali  to  saturate  it,  and  is 
then  left  moist  in  a  warm  place.  It  is  well  known,  for  that  mat- 
ter, that  the  fresh  urine  of  cows  and  horses  has  a  distinctly  alka- 
line reaction.  Conversely,  it  is  known  that  acids  and  acid  salts 
binder  putrefaction.     Pettenkofer  noticed  that  the  ammoniacal 
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fermentation  of  dung  and  urine  may  be  checked  if  means  are  taken 
to  prevent  the  materials  from  becoming  alkaline.  Among  the  or- 
ganisms which  cause  fermentation  or  decay,  only  the  moulds  seem 
to  be  capable  of  really  thriving  upon  substances  that  are  noticeably 
acid.  Many  kinds  of  fermentations  are  brought  to  a  standstill 
by  the  accumulation  of  acid  products  which  result  from  the  fer- 
mentation itself.  In  the  preparation  of  lactic  and  butyric  acids 
from  sugar,  by  means  of  ferments,  it  is  customary  to  mix  car- 
bonate of  lime  with  the  sugar  in  order  that  the  acids  may  be  neu- 
tralized as  fast  as  they  form,  and  the  process  of  fermentation  be 
made  continuous. 

Pagel,  in  his  turn,  found  that  moor-earth  which  had  been  mois- 
tened with  potash  lye  actively  absorbs  oxygen  gas  from  the  air, 
and  that  the  absoiption  is  more  rapid  in  proportion  as  the  surface 
of  peat  exposed  is  larger,  as  when,  for  example,  inert  matters  are 
mixed  with  the  peat.  For  that  matter,  it  is  now  well  known  that 
the  micro-organisms  which  cause  putrefaction  prosper  particularly 
in  solutior  s  which  are  slightly  alkaline.  It  is  to  be  noted  that, 
strictly  speaking,  it  is  the  alkaline  carbonates  and  not  the  caustic 
alkalies  which  are  favorable  for  the  growth  of  the  micro-organisms 
which  cause  decay.  Many  kinds  of  bacteria  are  quickly  destroyed 
even  by  highly  dilute  solutions  of  caustic  potash  or  caustic  soda, 
while  they  can  support  appreciable  quantities  of  the  carbonates  of 
potash  or  soda.  Of  course,  in  actual  farm  practice,  any  soluble 
caustic  alkali  put  upon  peat  or  the  like  would  soon  be  changed 
to  a  much  weaker  humate  or  carbonate  of  the  alkali. 

Manifestly,  these  observations  go  far  to  explain  the  mode  of 
action  of  alkalies  in  compost-heaps.  Lime  in  particular  has  long 
been  an  approved  ingredient  of  composts.  They  serve  to  explain 
also  the  use  by  practical  men  of  wood-ashes,  of  peat-ashes,  gas- 
lime,  the  ammoniacal  liquor  of  gas-works,  and  mixtures  of  lime 
and  salt.  Indeed,  the  observation  of  Smith  goes  to  show  that  not 
only  putrescible  organic  matter,  but  the  gaseous  ammonia  evolved 
from  it  is  capable  of  exciting  putrescence  in  the  peat  or  loam  to 
which  it  gains  access.  It  is  probable  that,  while  American  pot- 
ashes are  to  be  bought  so  cheaply  as  has  recently  been  the  case,  a 
valuable  manure  for  application  to  loachy  hungry  soils  might  read- 
ily be  prepared  by  drenching  heaps  of  peat,  layer  by  layer,  with 
weak  lye  in  the  spring,  and  leaving  the  mixture  to  ferment  during 
as  many  of  the  summer  months  as  practice  might  indicate. 
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Compost  of  lAine  and  Sodsj  etc. 

One  method,  formerly  common,  of  preparing  compost,  was  to 
dig  sods  from  beside  a  wall,  or  to  plough  up  an  old  headland,  or 
to  clear  out  a  ditch,  and  to  throw  the  material  thus  obtained  into 
a  heap,  layer  by  layer,  with  lime,  or  wood-ashes,  or  manure,  and 
to  leave  the  heap  for  several  months  to  ferment.  After  having 
been  forked  over  to  make  it  line  and  mellow,  such  compost  was 
esteemed  to  be  an  excellent  top-dressing  for  mowing-fields,  and 
especially  for  clover.  It  was  applied  for  wheat  also,  and  for  root- 
crops.  Lime  composts  prepared  in  this  way  have  been  found  to 
be  particularly  useful  on  light,  gravelly  soils,  and  it  has  been  held 
by  some  English  farmers  that  there  is  no  more  profitable  way  than 
this  of  applying  lime  to  light  land. 

Some  of  the  empirical  rules  for  the  use  of  alkalies  with  peat  are 
as  follows.*  For  every  coi-d,  or  say  100  bushels,  of  peat,  take  of 
wood-ashes,  12  bushels;  of  leached  ashes,  20  bushels;  of  peat- 
ashes,  20  or  30  bushels;  of  gas-lime  or  spent  soap-boiler's  lime, 
20  bushels;  and  of  quicklime,  10  bushels,  to  be  slaked  with  water 
just  before  use,  or,  better,  to  be  slaked  with  a  solution  of  com- 
mon salt  in  water,  or,  better  still,  in  all  probability,  with  a  solu- 
tion of  muriate  of  potash  instead  of  the  sodium  salt.  The  peat  and 
other  ingredients  are  mixed  as  thoroughly  as  may  be,  by  spread- 
ing them  in  layers,  and  the  whole  is  built  up  into  a  compact  heap 
three  or  four  feet  high.  In  case  the  peat  is  not  already  moist, 
the  finished  heap  should  be  drenched  with  water,  and  then  be 
covered  with  a  few  inches  of  loose  peat,  and  left  to  itself.  After 
two  or  three  months,  it  is  held  to  be  good  practice  to  shovel  the 
heap  over  so  as  thoroughly  to  mix  the  ingredients,  after  which  it 
may  be  covered  with  a  loose  layer  of  fresh  peat,  and  left  to  itself 
until  the  whole  of  the  original  peat  is  thoroughly  decomposed. 
Five  or  six  months  of  summer  weather  are  sufiScient  for  the  whole 
operation.  Instead  of  shovelling,  the  heap  may  be  ploughed  over, 
or  turned  with  a  road  scraper. 

A  compost  of  loam,  wool-waste,  wood-ashes,  lime  and  potash 
salts,  analyzed  by  Petermann,  contained  10  ^  water,  45  ^  or- 
ganic matter,  1  ^  nitrogen,  5  ^  potash,  and  0.55  ^  phosphoric 
acid.  More  than  half  the  nitrogen  (0.66^)  was  in  the  form  of 
ammonia.  Another  compost,  made  from  the  old  bags  in  which 
beet  pulp  is  pressed,  refuse  straw,  loam  and  lime,  all  watered  with 

>  S.  W.  JohDMo't "  FMt  Mid  ite  Umb,"  p.  72. 
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dung-liquor,  contained   16.5  ^   water,   23.8  ^   organic  matter, 
1.88  %  nitrogen,  1.77  %  potash,  and  0.19  %  phosphoric  acid. 
AUccUiea  corrode  Organic  Matters. 

Apparently  one  exciting  cause  of  the  fermentations  in  alkali 
composts  is  the  rapid  disorganization  of  the  vegetable  matter  by 
the  alkali.  That  is  to  say,  the  lime,  or  other  strong  alkali,  acts 
chemically  in  the  first  instance  upon  the  vegetable  matter,  and 
unites  with  some  portion  of  it ;  but  the  remainder  is  thus  left  in  a 
disorganized  condition,  and  so  made  subject  to  the  ordinary  pro- 
cesses of  decay  and  putrefaction  which  are  due  to  the  presence  of 
micro-organisms,  and,  as  has  been  said,  these  processes  are  known 
to  prosper  particularly  in  materials  which  are  slightly  alkaline.  A 
familiar  example  of  the  chemical  action  here  cited  is  seen  in  some 
of  the  processes  used  for  preparing  paper-pulp  from  straw  and 
from  wood.  By  the  action  of  hot  caustic  alkalies  (soda  and 
lime),  certain  constituents  (vasculose,  xylan)  of  the  straw  or 
wood  are  dissolved  out  from  the  woody  fibre  proper,  which  is  the 
product  sought  for,  and  form  dark-colored  liquors  from  which 
humus-like  substances  may  be  obtained  on  neutralizing  the  excess 
of  alkali  with  an  acid.  It  is  supposed,  indeed,  that  the  dark- 
colored  liquors  which  drain  out  from  dung-heaps  contain  similar 
matters  which  have  been  dissolved  from  straw  by  the  action  of  the 
alkaline  carbonates  which  are  contained  in  urine. 
Carbonate  of  Lime  Composts. 

The  use  of  carbonate  of  lime  as  an  ingredient  of  composts  has 
often  been  commended.  In  some  parts  of  the  country  the  carbon- 
ate is  employed  in  the  form  of  shell-marl,  but  in  New  England  it 
is  used  in  the  form  of  leached  ashes.  Some  kinds  of  peat-ashes 
which  are  used  for  composting  in  Europe  contain  it,  and  so,  of 
course,  do  fresh  wood-ashes  as  a  secondary  ingredient,  so  to  say. 
The  utility  of  the  lime-carbonate  is  doubUess  connected  with  the 
fact  that  it  dissolves  somewhat  in  carbonic-acid  water,  and  that 
the  solution  thus  formed  is  alkaline,  and  consequently  helpful  for 
most  kinds  of  fermentations ;  for,  as  has  been  shown  on  a  previ- 
ous page,  oi*ganic  matters  which  have  become  slightly  alkaline  are 
fit  feeding  grounds  for  the  micro-organisms  which  cause  decay. 
In  this  way,  the  lime  carbonate  may  act  indirectly  to  disintegrate 
and  decompose  organic  matters,  i.  e.  by  fostering  the  growth  of 
the  ferment  organisms ;  though  as  regards  crude  peat  and  other 
rough  inert  materials  it  can  hardly  be  expected  to  serve  so  good  a 
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purpose  as  such  active  chemical  agents  as  quicklime,  wood-ashes, 
or  potashes.  The  carbonate  may  be  excellent,  however,  for  neu- 
tralizing the  natural  sourness  of  peat,  and  after  the  process  of 
putrefactive  decay  has  run  its  course,  it  is  known  to  promote  ni- 
trification in  that  it  favors  the  growth  of  the  nitrifying  ferments. 
The  merit  of  the  lime  carbonate  is  to  be  seen  in  many  regions  of 
limestone  rocks  and  waters  where  the  humus  in  the  soil  is  con- 
spicuously rich  and  mellow,  and  not  cold  and  sour  as  is  often  the 
case  in  granitic  countries. 

In  certain  cases,  carbonate  of  lime  might  be  a  useful  addition 
to  a  well-weathered  peat  of  good  quality  which  is  already  so  far 
cured  as  to  be  nearly  or  quite  ready  for  nitrification,  and,  in  the 
same  sense,  it  might  sometimes  serve  as  a  useful  adjunct  to  dung 
composts  and  to  those  made  with  fish,  flesh  or  oil-cake ;  though  in 
view  of  the  facts  that  much  ammonia  is  formed  during  the  fer- 
mentation of  organic  matters  and  that  this  ammonia  might  be  ex- 
pelled if  lime  or  carbonate  of  lime  were  added  too  soon  to  the 
compost-heap,  Pichard  has  urged  that  it  might  be  well  to  mix  a 
quantity  of  gypsum  with  the  lime-carbons^te  in  order  to  hinder 
the  ammonia  from  escaping  into  the  air  and  to  hold  it  as  sulphate 
of  ammonia,  which  would  be  converted  to  a  nitrate  subsequently 
by  ferment  action. 

Speaking  in  very  general  terms,  it  would  appear  that  carbonate 
of  lime  must  be  inferior  to  the  stronger  alkalies  in  cases  where  it 
is  used  by  itself  in  a  compost,  as  the  sole  agent  for  exciting  fer- 
mentation, though  in  dealing  with  a  crude  peat  that  contained 
sulphate  of  iron  the  lime  carbonate  might  be  the  cheapest  and  best 
agent  for  decomposing  the  ferrous  salt.  So,  too,  when  the  object 
is  merely  to  correct  the  sour,  antiseptic  quality  of  crude  peat,  car- 
bonate of  lime  will  serve  an  excellent  purpose,  although  it  may 
not  act  so  quickly  or  so  effectively  as  slaked  lime.  In  time,  how- 
ever, either  of  these  agents  would  neutralize  the  free  humic  acids 
and  sulphuric  acid,  if  it  were  present,  and  ferrous  sulphate  also. 

In  any  event,  it  is  important  not  to  underrate  the  significance 
of  carbonate  of  lime  for  compost-making.  Schulze  noticed  long 
ago  that  moist  peat,  left  to  undei'go  fermentation  after'  it  had  been 
mixed  with  powdered  chalk,  gave  off  much  more  carbonic  acid 
than  similar  peat  to  which  no  lime  had  been  added,  showing,  of 
course,  that  decomposition  was  rapid ;  and  Knop  expressly  states 
that,  when  moist,  the  humates  of  lime  and  of  baryta,  as  well  as 
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those  of  potash,  soda,  and  ammonia,  oxidize  much  more  rapidly 
in  the  air  than  humus  does  by  itself. 

Humus  ferments  when  AlkcUine, 
Petersen  has  determined  by  methodical  experiments  the  amounts 
of  carbonic  acid  that  were  given  off  from  sour  humus,  and  from 
that  which  had  been  neutralized  by  the  addition  of  marl,  when  a 
current  of  air,  free  from  carbonic  acid,  was  made  to  flow  slowly 
over  the  materials.     His  results  are  as  follows :  — 

1.  One  litre  of  a  heavy,  sterile  clayey  soil  of  slightly  acid  reac- 
tion, which  contained  2  <^  of  humus,  gave  off  by  itself  in  the 
course  of  16  days,  at  a  temperature  of  55°  F.,  no  more  than  0.92 
grm.  of  carbonic  acid,  while  a  litre  of  the  same  earth  that  had 
been  mixed  with  ^  %  of  carbonate  of  lime  in  the  form  of  marl 
gave  off  2.62  grm.  of  carbonic  acid. 

2.  A  litre  of  leaf -mould  containing  58  ^  of  humus  that  had  a 
strongly  acid  reaction  gave  off  in  16  days'  time,  at  54°  F.,  0.89 
grm.  of  carbonic  acid  both  by  itself  and  after  0.5  %  of  the  car- 
bonate of  lime  had  been  added  to  it ;  but  in  this  case  the  quantity 
of  marl  used  was  insufficient  to  neutralize  the  acidity  of  the  leaf- 
mould.  In  another  trial,  however,  where  the  acidity  of  the  leaf- 
mould  was  neutralized  by  mixing  with  it  3  %  of  the  lime  carbon- 
ate, 5.35  grm.  of  carbonic  acid  were  given  off  in  16  days'  time. 

All  these  results  are  readily  explicable  by  what  is  now  known 
of  nitrification.  Neutralization  of  the  sour  humus  promoted  the 
activity  of  the  nitrifying  ferments,  and  the  quantities  of  carbonic 
acid  evolved  in  the  several  instances  were  probably  pretty  accu- 
rate measures  of  the  amounts  of  nitrification  which  occurred  in  the 
different  samples  of  earth.  As  has  been  already  insisted,  a  trace 
of  alkalinity  in  the  soil,  air,  moisture,  warmth,  and  ammonium 
compounds,  constitute  favorable  conditions  for  nitrification.  It 
is  possible,  moreover,  that  in  some  of  these  instances  other  kinds 
of  fermentation,  such  as  those  which  produce  ammonia,  may  have 
occurred.  It  is  not  unlikely,  indeed,  that  they  have  preceded  the 
nitric  fermentation.  It  is  not  to  be  expected,  however,  that  so 
feeble  a  chemical  agent  as  carbonate  of  lime  is  can  act  upon  crude 
peat  and  other  rough  materials  with  the  vigor  of  a  true  caustic 
alkali ;  though  the  carbonate  is  useful  nevertheless,  and  may  per- 
haps always  do  some  good  when  present  in  a  compost-heap. 

Old  mortar  or  plastering  and  soap-boilers'  lime  cannot  be  classed 
too  strictly  as  carbonate  of  lime,  since  they  are  apt  to  contain  a 
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small  proportion  of  caustic  lime.  Either  of  them  would  serve  a 
useful  purpose  for  neutralizing  the  humic  acids  in  crude  peat,  and 
would  subsequently  help  nitrification.  Even  spent  gas-lime,  in 
spite  of  its  containing  poisonous  sulphides,  sulphocyanides,  and 
tarry  matters,  may  perhaps  be  well  fitted  for  correcting  the  sour- 
ness of  crude  peat,  as  a  preliminary  to  composting  the  peat  with 
dung.  For  this  purpose,  however,  it  should  not  be  used  in  ex- 
cess. 

The  following  experiments  were  made  by  S.  W.  Johnson  at 
New  Haven,  to  test  the  efi'ect  of  alkalies  in  developing  the  ferti- 
lizing power  of  peat.     Pairs  of  pots  were  filled,  — 

1.  With  peat  alone  (270  grm.  In  each  pot). 

2.  Feat  and  10  grm.  ashes  of  young  grass. 

3.  Peat  and  ashes  (as  before),  and  10  grm.  carbonate  of  lime. 

4.  Peat  and  ashes,  and  10  grm.  slaked  lime. 
6.  Peat,  ashes,  and  lime,  and  salt  for  slaking. 
6.  Peat  and  ashes,  and  3  grm.  Peruvian  guano. 

Five  kernels  of  pop-corn  were  planted  in  each  pot,  the  pots 
were  watered  with  pure  water,  and  the  plants  were  allowed  to 
grow  until  those  best  developed  ceased  to  feed  upon  the  soil,  but 
upon  their  own  lower  portions,  as  shown  by  the  withering  of  the 
lower  leaves. 

The  air-dried  crops  were  as  follows :  — 

Weight  of  ComptfatiTe  Rafcto  of  Wetebt  of 
Cxx>p  ill     Weight  of       Crop  to  We%ht 
Qrmms.  CSop.  of  Seed. 

1.  Peat  alone 4.20  1  2i 

2.  Peat  and  ashes 32.44  8  20i 

3.  Peat,  ashes,  and  carbonate  of  lime  38.44  9  25i 

4.  Peat,  ashes,  and  slaked  lime     .     .  43.22  10  28^ 

5.  Peat,  ashes,  lime  and  salt     .     .     .  46.42  11  30^ 

6.  Peat,  ashes,  and  guano     ....  53.78  13  35^ 

The  object  of  the  guano  was  to  have  a  standard  of  normal  ac- 
tion. 

The  peat  alone  was  in  this  particular  instance  incompetent  to 
supply  all  the  food  which  was  required ;  the  peat  and  ashes  did 
better,  while  by  the  action  of  the  alkaline  materials  the  inert  nitro- 
gen of  the  peat  was  made  really  active,  and  the  crops  grew  toler- 
ably well.  The  differences  between  the  three  alkalies  are  well 
marked,  though  of  course  the  ashes  alone  were  somewhat  alkaline. 
Mention  has  already  been  made  of  Boussingault's  observation, 
that  the  addition  of  caustic  lime  to  loam  largely  increases  the 


LIMB  AND  SALT  COMPOST.  351 

amount  of  ammonia  contained  in  it,  through  decomposition  of 
inert  nitrogen  compounds  in  the  humus. 

Compost  with  Lime  and  SaU. 

The  use  of  a  mixture  of  salt  and  lime,  instead  of  mere  lime,  for 
composting  peat,  has  often  been  highly  commended.  The  idea  is 
a  very  old  one.  More  than  two  hundred  years  ago,  the  chemist 
Glauber  told  how  to  mix  the  salt  with  the  lime,  and  insisted  that 
the  mixture  is  most  fit  for  dunging  the  land.  Sir  Humphry  Davy, 
in  his  work  on  Agricultural  Chemisti*y,  mentions  the  fact  that 
several  practical  men  have  derived  more  benefit  from  the  use  of 
lime  moistened  with  sea-water  than  from  common  lime.  The  late 
Dr.  Dana,  of  Lowell,  brought  forward  much  evidence  in  favor  of 
the  mixture,  in  his  ^^Muck  Manual"  ;  and  it  has  been  used  in 
the  Cotton  States  with  so  much  advantage,  that  there  was  talk  at 
one  time  of  removing  a  duty  on  salt  as  a  means  of  encouraging 
the  growth  of  cotton.  The  advantage  gained  by  using  a  mixture 
of  salt  and  lime,  rather  than  lime  alone,  or  carbonate  of  lime  alone, 
depends  upon  the  facts  that  ^^  bi-carbonate  of  lime  "  is  capable  of 
reacting  chemically  upon  common  salt  (or  on  any  other  alkali 
chloride,  and  on  alkali  sulphates  also) ,  with  formation  of  ^^  bi- 
carbonate of  soda,"  and  that  the  sodic  carbonate  thus  formed  can 
promote  the  decomposition  of  peat  more  efifectively  than  could  be 
done  by  the  weaker  and  the  less  soluble  alkali  lime. 

To  state  the  matter  in  somewhat  more  general  terms,  it  is  true 
that  common  salt  and  carbonate  of  lime,  when  in  presence  of 
carbonic  acid  and  water,  can  react  upon  one  another  with  formation 
of  ^^  bicarbonate  of  soda"  and  chloride  of  calcium.  Practically, 
under  the  conditions  which  obtain  in  a  compost-heap,  it  is  to  be 
presumed  that  the  super-carbonate  of  soda  thus  formed  will  be  a 
sesqui-carbonate  rather  than  a  bicarbonate.  In  many  cases  indeed, 
the  product  may  contain  less  carbonic  acid  than  a  sesqui-carbon- 
ate ;  it  may  even  happen  that  it  will  hold  in  combination  but  little 
more  carbonic  acid  than  the  amount  proper  to  normal  carbonate 
of  soda.  In  the  words  of  Hilgai*d  and  Weber,  "  We  must,  as  a 
rule,  expect  to  find  mixtures  of  the  alkali  mono-  and  sesqui-car- 
bonates  in  varying  proportions,  according  to  condition  of  tempera- 
ture, supply  of  carbonic-acid  gas,  and  other  conditions." 

In  making  a  compost  with  salt  and  lime,  the  usual  method  of 
procedure  is  to  slake  quicklime  with  brine  and  to  spread  the  pow- 
dery product,  layer  by  layer,  upon  moist  peat  that  has  just  been 
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thrown  out  from  the  bog.  Under  these  conditions,  a  good  part 
of  the  lime  will  speedily  be  changed  to  the  condition  of  a  carbon- 
ate, and  some  of  it  to  the  state  of  saper-carbonate,  for  there  can- 
not be  any  lack  of  carbonic  acid  in  the  heap,  inasmuch  as  this 
substance  is  formed  there  incessantly  through  the  decomposition 
and  oxidation  of  the  peat.  Hence  the  conditions  are  all  favor- 
able for  the  above-mentioned  reaction  between  the  lime-carbonate 
and  the  salt ;  and  the  soda-carbonate  thus  formed  will  naturally 
diffuse  into  the  moisture  of  the  heap  and  so  be  brought  into  con- 
tact with  the  peat  in  all  directions. 

The  fact  of  the  formation  of  crusts  of  carbonate  of  soda  upon 
the  surface  of  the  soil  in  many  desert  places  where  salt  and  lime- 
stone are  in  contact  with  one  another,  has  frequently  been  ob- 
served since  a  very  early  period,  but  the  true  explanation  of  the 
method  of  their  formation  has  only  recently  been  recognized,  first 
by  Hilgard  in  California. 

There  can  be  no  doubt  that  the  use  of  the  salt  and  lime  mixture 
is  preferable  to  the  use  of  lime  alone,  as  a  general  rule.  But  now 
that  a  clew  to  the  mode  of  action  of  the  mixture  has  been  dis- 
covered, there  is  room  for  very  grave  doubts  whether  the  use  of 
the  salt  and  lime  should  be  continued,  for  it  can  haixlly  be  doubted 
that  carbonate  of  soda  could  be  applied  to  peat  more  methodi- 
cally and  economically  in  the  form  of  black-ash,  soda-ash,  or, 
better  yet,  in  that  of  barilla  from  Teneriffe.  Practical  men  have 
often  called  attention  to  good  results  obtained  by  them  on  com- 
posting peat  with  soda-ash,  and  there  can  be  no  question  that 
soda- ash  may  be  an  extremely  valuable  fertilizer  in  many  locali- 
ties, especially  in  non-calcareous  regions  where  the  soils  are  apt 
to  be  or  to  become  sour. 

Potash  better  than  Soda. 

Soda-ash  has  the  merit  of  cheapness.  Excepting  places  where 
wood-ashes  are  abundant,  the  alkaline  soda-carbonate  can  usually 
be  obtained  much  more  cheaply  than  the  corresponding  compound 
of  potash.  But  while  potashes  are  so  cheap  as  they  are  now,  and 
are  likely  to  continue,  it  may  well  be  asked  whether  they  should 
not  be  used  in  most  instances  for  compost-making  rather  than 
soda-ash.  Potash  is  a  manure  in  itself,  a  necessary  form  of  plant- 
food.  Soda  has  no  such  claim  upon  the  farmer's  attention.  Plants 
can  succeed  perfectly  well  without  soda,  and  as  an  alkali  it  has  no 
advantage,  other  than  cheapness,  over  potash.     Practically  the 
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chief  lesson  to  be  drawn  from  the  ^^salt  and  lime  mixture"  is, 
that  the  time-honored  method  of  composting  peat  with  wood-ashes 
is  a  good  method,  and  that  it  should  be  inculcated  and  improved 
upon.  In  case  local  circumstances  should  favor  the  use  of  lime, 
some  one  of  the  cheap  potash  compounds  from  Stassfurt  might 
well  be  mixed  with  it  instead  of  common  salt.  H.  Liebig  has 
proposed  the  following  receipt:  For  every  100  lb.  of  peat,  re- 
garded as  air-dried,  take  200  lb.  of  quicklime  and  slake  it  with  a 
solution  of  200  lb.  kainit.  To  this  compost  Liebig  would  add  100 
to  200  lb.  of  bone-meal,  or  superphosphate  or  precipitated  phos- 
phate of  lime. 

Action  of  Lime  on  Dung. 

In  connection  with  the  subject  of  the  action  of  alkalies  on  peat, 
some  mention  should  be  made  of  their  action  upon  fresh  dung,  or 
on  dung  that  is  fermenting  in  moist  heaps,  although  not  much  is 
known  accurately  concerning  these  matters. 

From  dung  which  is  undergoing  hot  fermentation,  caustic  lime 
or  any  other  of  the  fixed  alkalies  will  of  course  expel  large  quan- 
tities of  ammonia ;  but  there  is  some  evidence  which  goes  to  show 
that  lime  does  good  rather  than  harm  when  spread  upon  the  sur- 
face of  ordinary  moist  dung-heaps,  and  Payen  has  urged  that  the 
addition  of  small  quantities  of  lime  to  fresh  dung  or  urine  retards 
their  decomposition  considerably  instead  of  hastening  it.  There 
seems  to  be  an  actual  union  between  the  lime  and  some  of  the 
nitrogenized  substances  when  they  are  in  the  fresh  condition,  as 
has  been  explained  in  another  chapter. 

The  following  experiment,  by  Wolff,  is  of  interest.  He  mixed 
250  grams  of  quicklime,  that  had  been  allowed  to  slake  in  the  air, 
with  fresh  cow-manure  in  a  box  of  one  cubic  foot  capacity,  and 
left  the  mixture  to  decay  in  a  north  room  during  15  months.  It 
weighed  some  11,000  grams  at  first.  The  loss  of  water  from  this 
mixture  was  rather  more  rapid,  and  was  lai^er  in  amount,  than 
occun'ed  with  similar  boxes  of  mere  manure,  and  of  manure  and 
gypsum,  which  were  tested  at  the  same  time.  But  it  appeared 
that,  as  was  the  case  with  the  gypsum  also,  the  final  product  con- 
tained a  smaller  proportion  of  soluble  organic  matters  than  dung 
which  had  rotted  by  itself ;  whence  the  conclusion  that  the  lime 
must  have  combined  with  certain  organic  matters  to  make  them 
insoluble.  It  is  probable,  withal,  that  some  of  the  matters  thus 
fixed  by  the  lime  would  have  decomposed  very  readily  if  left  to 
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themBelves.  The  limed  manure  coutained,  when  rotted,  more 
organic  matter,  and  more  nitrogen  also,  than  the  simple  rotted 
manure ;  and  there  was  a  larger  proportion  of  nitrogen  in  the  or- 
ganic matters  of  the  limed  manure,  both  in  those  that  were  solu- 
ble and  those  which  were  insoluble  in  water. 

Composts  of  Lime  and  Dung. 

In  some  parts  of  Western  France,  where  the  soils  have  been 
derived  from  granites  and  slates  that  contained  but  little  lime,  it 
has  long  been  customary  to  use  both  lime  and  dung  in  the  prepa- 
ration of  composts.  It  is  said  that  a  quantity  of  quicklime  is 
thrown  into  a  rectangular  hole,  which  has  been  dug  in  a  field,  and 
there  covered  with  loam.  The  lime  soon  slakes  and  falls  to  fine 
powder,  which  is  shovelled  over  and  intimately  mixed  with  the 
loam.  Manure  is  then  hauled  to  the  side  of  the  hole,  and  the  mix- 
ture of  lime  and  loam  is  thrown  out  upon  the  manure,  so  that  a 
heap  is  built  up  of  alternate  layers  of  the  two  materials.  After 
the  heap  has  lain  for  two  months  or  more,  the  compost  is  applied 
to  the  land.  It  is  evident  that  this  process  may  have  merit  in  re- 
gions where  the  soils  are  apt  to  be  sour,  but  in  most  countiies 
farmers  seem  to  have  preferred  to  use  carbonate  of  lime  rather 
than  quicklime  in  making  composts  by  means  of  dung. 
Comj)osting  Refuse. 

Almost  everything  that  has  been  said  of  composting  peat,  either 
with  dung  or  with  an  alkali,  will  apply  to  a  multitude  of  other  ma- 
terials beside  peat.  As  regards  straw  and  leaves,  indeed,  and  other 
easily  decomposable  vegetable  substances,  the  theory  and  prac- 
tice of  fermentation  seem  to  be  tolerably  well  understood.  But 
there  are  many  things,  such  as  the  stalks  of  corn,  of  potatoes,  of 
buckwheat,  and  of  beans,  twigs  clipped  from  hedges,  bushes 
mown  in  pastures,  chips  and  sawdust,  clods  and  weeds,  which  can 
perfectly  well  be  decomposed  in  the  compost-heap  by  proper 
treatment,  and  which  could  probably  be  decomposed  there  eco- 
nomically instead  of  being  burned  to  ashes,  as  is  now  done  far 
too  frequently. 

It  may  sometimes  be  well,  no  doubt,  to  burn  trash  for  the  mere 
sake  of  getting  rid  of  it,  and  the  use  of  fire  often  seems  to  be 
justified  also  as  a  means  of  destroying  fungi,  the  eggs  of  insects, 
and  the  seeds  of  weeds ;  but  in  all  probability  the  destruction  of 
these  pests  could  readily  be  effected  by  means  of  weak  solutions 
of  potashes,  and  the  nitrogen  of  the  organic  matters  that  harbored 
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them  be  saved  at  the  same  time  for  the  farm.  Rubbish  thus 
drenched  with  potashes  would  naturally  decay  quickly  in  warm 
weather  if  it  were  kept  in  a  damp  place.  For  example,  it  might 
perhaps  be  found  advantageous  to  compost  in  this  way  the  refuse 
leaves  and  vines  which  are  left  when  hops  are  harvested,  instead 
of  burning  them  to  ashes,  as  was  the  old  English  practice.  It  is 
to  be  noted  that,  on  farms  where  no  advantage  is  derived  from 
potassic  fertilizers,  soda-ash  would  be  a  cheaper  and  an  equally 
effective  agent  for  decomposing  weeds  or  the  like. 

Slaked  lime,  admixed  with  green  weeds  in  the  proportion  of  10 
or  15  %  of  quicklime  to  85  or  90  %  of  weeds,  is  said  to  decom- 
pose them  so  speedily  that  the  mixture  is  fit  for  use  next  spring, 
though  the  lime  would  not  be  nearly  so  apt  as  potashes  to  destroy 
all  the  seeds.  In  general,  soluble  alkalies,  like  potash  and  soda, 
or  their  carbonates,  must  act  much  more  effectively  to  destroy  weed- 
seeds  than  any  method  of  merely  composting  with  dung,  although 
it  is  true  enough  that  some  seeds  are  destroyed  in  heaps  of  dung- 
compost. 

It  has  been  recommended  in  Europe,  in  cases  where  the  fodder 
or  the  litter  contains  mafiy  weeds,  to  compost  the  manure  with 
loam,  and  to  drench  the  heaps  frequently  with  dung-liquor  in  or- 
der to  rot  the  weed-seeds.  The  practice  is  akin  to  a  plan  for  kill- 
ing cotton-seeds  formerly  in  use  at  the  South,  though  it  can  hardly 
be  as  effective  as  that  was,  because  many  weeds  bear  seeds  which 
are  peculiarly  hard  and  refractory,  and  wellnigh  impermeable  to 
moisture.  Indeed,  it  has  been  noticed  recently  that  the  seeds  of 
various  weeds  do  not  perish  in  silos  of  corn-fodder,  even  when 
much  heat  has  been  developed  by  the  fermentation.  It  would  ap- 
pear that  only  those  seeds  are  destroyed  in  a  silo  which  are  soft 
enough  to  swell  under  the  conditions  which  obtain  there.  The 
mere  heat  of  the  place  is  not  high  enough  to  destroy  many  of  them. 
*'  I  am  certain,  by  demonstration,"  said  Tull,  "  that,  let  a  dung- 
hill remain  three  years  unmoved,  though  its  bulk  be  vastly  dimin- 
ished in  that  time  and  its  best  quality  lost,  charlock  seed  will  remain 
sound  in  it,  and  stock  the  land  whereon  it  is  laid ;  for  that  fer- 
ment which  is  sufficient  to  consume  the  virtue  of  the  stercoraceous 
salts  is  not  sufficient  to  destroy  the  vegetative  virtue  of  charlock 
seeds,  nor,  as  I  believe,  of  many  other  sorts  of  weeds."  Lorain, 
in  his  turn,  urged  that,  ^^  Although  the  cookers  of  dung  say  that 
the  fermentation  of  it  destroys  the  vegetative  property  of  seeds. 
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practice  and  observation  determine  the  contrary.  In  fact,  if  na- 
ture had  not  calculated  seeds  in  general  to  withstand  much  more 
than  the  heat  of  a  fermenting  dunghill,  the  earth  would  long  since 
have  been  stripped  of  vegetation,  particularly  where  plonghers  and 
croppers  reside." 

It  is  not  improbable,  however,  that  many  weed-seeds  may  be 
killed  by  exposure  to  the  long-continued  putrefactive  processes  to 
which  manuro  is  subjected  in  the  deep,  wet  dung-pits  of  Conti- 
nental Europe ;  though  this  view  is  weakened  by  certain  experi- 
ments of  Zoebl,  who  observed  that  some  seeds  —  notably  those  of 
bind- weed  (Polygonum  convolvulus)  and  black  medick  (Medicago 
lupulina)  —  retained  their  germinative  power  after  having  lain  50 
or  60  days  under  dung-liquor. 

Value  of  Coarse  Refuse. 

The  chief  points  to  be  considered  in  composting  coarse  mate- 
rials are,  that  more  time  must  be  allowed  for  their  decomposition 
than  for  the  decomposition  of  finely  divided  substances,  and  that 
special  care  must  be  taken  to  make  the  heaps  of  coarse  materials 
lai^e,  and  to  keep  them  moist.  It  is  evident  that,  in  order  to  get  the 
best  results,  the  coarse  materials  should  be  fermented  by  them- 
selves in  special  heaps.  There  would  be  a  waste  of  time,  and  risk 
of  losing  fertilizing  matters,  if  fine  materials  were  left  to  rot  with 
coarse  during  the  long  time  necessary  for  the  decomposition  of  the 
latter. 

A  general  idea  of  the  value  of  some  common  kinds  of  refuse 
may  be  got  from  the  following  table,  which  gives  in  round  num- 
bers the  percentage  proportion  of  water,  nitrogen  and  ash  ordi- 
narily contained  in  them :  — 

Water, 

straw  of  wheat 5  to  10 

"rye 8  to  10 

««  barley 8  to  10 

**  oats 8  to  10 

"  buckwheat 10 

**  peas 10  to  12 

**  horse-beans 12  to  14 

Potato  vines 10  or  12 

Beet  leaves 87  to  90 

Carrot  leaves 70 

Autumn  leaves  of  trees 10  or  12 

Summer  leaves  of  trees 55 

Sawdust,  oak 26 

**       spruce 26 


Nitrogen. 

A<lL 

0.6 

4or5 

0.2  to  0.4 

4  or  5 

0.3  to  0,6 

5to7 

0.6  to  0.7 

5 

0.5  to  0.7 

5  or  6 

lto2 

4to6 

2. 

5  or  6 

1.6 

10  or  12 

0.5 

13  or  14 

0.5  to  0.9 

8  or  10 

0.7  or  0.8 

4to6 

0.9 

2  or  3 

0.5 

lor  2 

0.25 

0.5 
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liaro  of  grapes 48  1.8  4  to  6 

Chaff  of  wheat 8  to  10  0.8  9  or  10 

"     "  barley 10  or  12  0.6  10  or  12 

Clover-roots 9  or  10  1.6  9 

Purslane  (Portulaca) 93  0.4  2 

Pig-weed  (Chenopodium)    ....        81  0.8  4 

Nettle  (UrUca) 82  0.9  2  or  3 

Yellow  dock  (Rumez)»  dry  leayes    .12  3.5  11 

Milk-weed  (Asclepias)    «•       "        .        15  3.8  9 

Looking  at  the  matter  from  the  two  points  of  view  which  have 
been  insisted  apon,  —  viz.  1st,  the  preservation  of  dung,  and,  2d, 
the  decomposition  of  inert  vegetable  matter,  —  it  would  seem  as 
if  in  general,  at  least  for  all  farms  where  neat  cattle  are  kept,  that 
the  coarser  sticks  and  stalks  and  clods  should  be  treated  with  a 
special  view  to  their  fermentation,  and  that  the  finer  straw  and 
leaves,  as  well  as  peat  and  loam  and  clay,  should  be  made  to  serve 
in  the  first  place  as  bedding  for  cattle,  or  as  absorbents  of  their 
liquid  dejections.  The  finely  divided  materials  will  usually  be 
sufficiently  decomposed  when  thus  treated,  without  need  of  special 
oversight.  But  if  all  the  coarse  materials  were  banished  to  special 
heaps,  there  would  seem  to  be  less  need  of  that  incessant  forking 
over  of  dung-  and  compost-heaps  upon  which  so  much  labor  was 
formerly  expended,  and  still  is,  indeed,  on  many  farms.  The  cost 
of  merely  moving  manure  from  the  stable  to  the  field,  which  com- 
monly involves  the  carting  of  it  twice  and  the  handling  of  it  four 
or  five  times,  would  seem  to  be  sufiSciently  expensive,  under  the 
most  favorable  cu*cumstances,  without  expending  in  repetitions  of 
the  turning  process  any  labor  that  can  possibly  be  avoided.  It 
must  be  admitted,  however,  that  there  is  still  much  to  be  learned 
as  to  the  reasons  why  the  practice  of  forking  over  manure  per- 
sist]^. Doubtless,  there  are  other  points  gained  by  the  process 
beside  the  mere  decomposition  of  the  long  litter.  Although  there 
is  some  diversity  of  opinion  with  regard  to  the  advantage  of  turn- 
ing over  compost- heaps,  the  general  impression  among  farmers 
seems  to  be  that  the  oftener  the  heaps  are  worked  over  daring  or 
after  fermentation,  the  better. 

Spent  Hops. 

Spent  hops,  as  thrown  out  from  breweries,  have  often  been  com- 
mended by  practical  men  as  excellent  for  composting  and  for  put- 
ting into  hog-pens ;  and  there  can  be  no  doubt  that  the  material 
is  well  suited  for  these  purposes,  in  view  of  the  large  amounte  of 
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oi^anic  matter  and  of  nitrogen  which  it  contains.  It  is  said  that 
in  some  localities  spent  hops  are  highly  esteemed  by  market  gar- 
deners, who  describe  the  well-rotted  material  as  a  valuable  ferti- 
lizer, free  from  weeds  and  so  fine  that  it  mixed  easily  with  the  soO 
when  harrowed. 

Hop- waste  ferments  readily  when  it  is  moist,  though  it  dries 
rapidly  when  spread  out  and  exposed  to  the  air.  When  thus  dried, 
it  serves  excellently  for  bedding  cows,  since  it  absorbs  much 
urine  and  is  then  fit  to  be  used  immediately  as  manure.  Indeed 
it  has  been  said  by  some  that  the  best  effects  are  obtained  when 
hop-waste  that  has  served  as  litter  is  applied  to  the  land  in  the 
fresh,  unrotted  condition.  As  thrown  out  at  the  breweries,  heaps 
of  wet  hop-waste  are  apt  to  become  vei^  hot  through  fermenta- 
tion, and  to  give  off  an  unpleasant  odor.  In  a  sample  of  hop- 
waste  examined  by  Church  there  were  57  %  of  water,  40%  of 
organic  matter,  1.3  %  of  ashes,  1.91  %  of  nitrogen,  and  0.8  %  of 
phosphoric  acid.  A  sample  of  air-dried  hop-waste  examined  by 
Spiers  contained  10  %  of  water,  3.31  %  of  nitrogen,  5.34  %  of 
ashes  and  sand,  and  3.52  %  of  ashes.  The  crude  ashes  contained 
11.27  %  of  potash,  26.1  %  of  phosphoric  acid,  14.7  %  of  lime, 
and  12.1  %  of  magnesia. 

Some  practical  men  have  urged  that  by  mixing  spent  hops, 
while  they  are  fresh,  with  brewera'  grains,  they  may  be  made  to 
serve  a  good  purpose  for  fattening  neat  cattle.  Animals  are  chosen 
which  have  never  become  accustomed  to  eat  mere  brewers'  grains, 
and  they  are  gradually  accustomed  to  eat  the  mixture  of  grains 
and  hops.  After  a  while  they  become  fond  of  the  mixtui-e  and 
thrive  upon  it.  Analyses  of  spent  hops  seemed  to  show  that  they 
resemble,  as  to  their  composition,  clover  hay  of  medium  quality ; 
but  Kellner,  and  Weiske,  have  found,  on  trial,  that  sheep  can 
digest  only  a  comparatively  small  proportion  of  the  albuminoid 
constituents  and  the  carbohydrates  in  spent  hops.  Far  from 
being  comparable  with  good  clover  hay,  this  material  is  really  no 
better  fodder  than  the  straw  of  legumes  or  than  meadow  hay  of 
rather  low  grade.  Spent  hops  have  undoubtedly  a  certain  small 
value  as  a  food  fit  for  maintaining  neat  cattle  or  sheep,  but  it 
stands  to  reason  that  on  mixing  them  with  brewers'  grains,  as 
above,  or  with  other  kinds  of  cattle  food,  no  very  large  proportion 
of  the  hops  should  be  used. 
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Ripe  Compost. 

It  is  noteworthy  that,  in  regions  where  the  winters  .are  not  too 
severe,  compost-heaps  are  sometimes  covered  over  at  the  begin- 
ning of  winter  with  straw,  sods,  brush,  potato-tops,  or  the  like, 
and  occasionally  even  with  horse-manure,  in  order  to  exclude  frost. 
In  this  way  the  heap  is  kept  unfrozen,  so  that  its  contents  can  be 
forked  over  at  any  time,  and  removed  to  the  fields  at  the  farmer's 
convenience.  Perhaps  such  protection  might  be  applied  usefully 
with  us  both  to  compost-heaps  and  heaps  of  peat  that  are  to  be 
used  in  midwinter  for  compost  making.  It  deserves  to  be  studied 
whether  the  old  plan  of  planting  squashes,  pumpkins^  melons,  or 
other  free-growing  plants,  upon  compost-heaps  has  any  other 
merit  than  that  of  yielding  a  small  crop  at  trifling  cost,  and  of 
hiding  the  heaps  from  view.  The  shade  and  surface  moisture 
afforded  by  the  plants  may  perhaps  promote  nitrification ;  but,  on 
the  other  hand,  the  plants  must  necessarily  pump  up  great  quan- 
tities of  water,  and  tend  to  dry  out  the  interior  of  the  heap. 

A  good  deal  of  importance  is  attached  by  some  writers  to  the 
idea  that  compost  should  be  '*ripe"  when  applied  to  the  land; 
and  it  is  taught  that  the  time  needed  to  ripen  a  compost-heap  may 
vary  all  the  way  from,  a  few  months  to  two  years,  according  to 
the  materials  and  to  the  season.  Indeed  it  has  been  said  of  the 
rich  compost  of  loam  and  manure  called  "  terreau,"  which  is  used 
by  market  gardeners  at  Paris,  that  it  cannot  be  properly  made  in 
less  than  four  years.  The  Parisian  gardeners,  instead  of  planting 
vegetables  in  the  natural  soil,  prefer  to  grow  them  in  beds  of  ter- 
reau  placed  upon  beds  of  long  manure  in  such  manner  that  the 
gardens  are  practically  great  hot-beds,  covered  more  or  less  with 
glass  during  the  colder  months,  but  open  to  sun  and  air  in  the 
spring  and  summer. 

Care  should  be  taken  always  to  establish  compost-heaps  early 
enough,  that  they  may  be  ready  for  use  at  times  when  fields  are 
to  be  planted.  Perhaps  the  best  plan  of  all  is  to  have  a  number 
of  heaps  in  all  stages  of  progress  toward  ripeness.  The  idea  of 
ripeness  means  of  course  that  much  of  the  nitrogen  in  the  peat  or 
other  rough  material  has  been  brought  to  a  condition  favorable  for 
rapid  nitrification  when  the  compost  is  put  upon  a  field.  Possibly 
some  of  the  good  nitrogen  in  a  ripe  compost  may  be  already  in  the 
form  of  an  ammonium  compound ;  but  it  is  more  probable  per- 
haps that  much  of  the  nitrogen  may  have  been  reduced  to  the  con- 
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ditjon  of  amide  of  such  character  that  they  can  change  readily  to 
ammonia  and  to  nitrates  in  the  field. 

The  chief  advantage  gained  by  stirring  oompost  seems  to  be, 
that,  up  to  a  certain  point,  fermentation  sets  in  anew  each  time 
the  heap  is  turned  over  in  such  manner  that  its  contents  are 
loosened  and  exposed  to  the  air. 

This  idea  was  presented  somewhat  forcibly  by  Cobbett,  long  ago, 
in  the  following  words  :  "A  great  deal  more  is  done  by  the  fermen- 
tation of  manures  than  people  generally  imagine.  In  the  month  of 
June  take  20  cart-loads  of  earth  which  has  been  shovelled  off  the  sur- 
face of  a  grassy  lane,  or  by  a  roadside,  or  round  about  bams,  stables, 
or  the  like.  Lay  these  20  loads  about  a  foot  thick  on  some  convenient 
spot.  Go  and  cut  up  20  cart-loads  of  [green]  weeds  of  any  sort,  and 
lay  these  well  shaken  up  on  the  earth.  Then  cover  the  weeds  with 
20  more  cart-loads  of  earth,  like  the  former,  throwing  the  earth  on 
lightly.  In  three  days  you  will  see  the  heap  smoke  as  if  on  fire.  If 
you  put  your  hand  into  the  earth  you  will  find  the  heat  too  hot  to  be 
endured.  In  a  few  days  the  beat  will  decline  and  the  heap  will  sink. 
Let  it  remain  for  a  week  after  this,  and  then  turn  it  carefully.  This 
will  mix  the  whole  well  together.  You  will  find  the  weeds  and  the 
grass  in  a  putrid  state.  Another  heating  will  take  place,  but  less  fu- 
rious than  the  former.  Turn  it  a  second  time  in  7  days,  and  a  third 
time  in  7  days  more.  By  this  time  you  will  have  40  loads  of  manure, 
equal  in  strength  to  20  loiuls  of  yard-dung,  and  better  for  a  garden, 
or  indeed  for  any  other  land.  .  .  .  When  such  a  heap  were  once 
formed,  some  ashes,  fish-shells  or  bones  reduced  to  powder,  or  other 
enlivening  matter,  might  be  added  to  it  and  mixed  well  with  it." 

According  to  Miller,  it  is  necessary  to  mix  earth  or  mud  or  some 
other  diluent  with  green  weeds  to  prevent  the  heaps  from  taking  fire 
when  they  ferment.  This  accident  is  specially  liable  to  occur  when  the 
heaps  are  large,  unless  the  weeds  have  been  mixed  with  earthy  or  the 
like.  When  the  weeds  are  thoroughly  rotted,  such  compost  will  cut 
like  butter,  and  will  greatly  enrich  the  land.  It  is  to  be  presumed, 
of  course,  that  the  first  hot  fermentation  in  such  extreme  cases  as 
these  must  have  been  an  ammoniacal  fermentation. 

Labor  to  he  Spared  in  Compost-making. 

It  may  be  true,  also,  that  the  formation  of  nitrates  or  nitrites 
is  promoted  by  the  admission  of  air  to  the  mass,  though  it  is  not 
to  be  supposed  that  nitrification  could  occur  at  any  great  distance 
from  the  surface,  or  at  the  interior  of  the  heap.  So  far  as  the 
establishment  of  a  new  fermentation  goes,  the  occasional  turning 
over,  at  leisure  moments,  of  those  compost-heaps  which  contain 
coarse  material,  would  seem  to  be  judicious ;  but  the  process  would 
seem  to  be  open  to  adverse  criticism  as  regards  ordinary  heaps, 
such,  for  example,  as  those  composed  of  peat  and  dung.  If  the 
object  in  forking  over  the  heap  is  merely  to  decompose  the  peat 
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somewhat  more  thoroughly,  it  will  be  well  to  coant  the  cost  of  the 
labor  involved  before  much  of  that  kind  of  force  is  expended  for 
what  is  probably  a  comparatively  small  gain.  Even  if  it  be  ad- 
mitted, for  the  sake  of  the  argument,  that  the  compost  is  benefited 
decidedly  by  being  worked  over,  it  may  still  be  urged  that  the  ben- 
efit is  not  commensurate  with  the  cost.  It  would  probably  be  far 
more  Judicious,  in  most  cases,  to  expend  the  labor  either  in  haul- 
ing or  in  getting  out  new  supplies  of  peat  or  of  sods,  and  in  es- 
tablishing new  heaps  of  compost,  rather  than  in  turning  over  the 
old  heaps;  provided  always  that  the  materials  of  the  heap  are  in- 
a  tolerably  finely  divided  condition. 

For  horticultural  purposes,  indeed,  it  may  often  be  well  to  turn 
over  a  heap  of  dung  or  of  compost  many  times  and  often,  in  order 
to  provide  delicate  food  for  some  cherished  plant.  But  in  agricul- 
ture the  methods  are  coarser.  An  abundant  supply  of  tolerably 
crude  manure  will  usually  serve  the  farmer  a  better  purpose  than  a 
scanty  supply  of  manure  that  has  been  highly  refined ;  and  he  can 
nowadays  always  buy  a  little  nitrate  of  soda  or  of  an  ammonium 
salt  to  enliven  the  manure,  if  need  be. 

Many  years  ago,  Boussingault  tested  old  composts  obtained 
from  several  different  farms  and  market-gardens  in  France,  and 
found  no  inconsiderable  amount  of  nitrates  in  each  of  them. 
Stated  in  terms  of  nitrate  of  potash,  he  found  that  the  dried  com- 
post contained,  in  different  Instances,  0.083  %,  0.094  %,  0.107  %, 
and  0.151  ^.  In  a  compost  of  leaves,  he  found  0.551  ^  of  saltpe- 
tre. The  sample  above-mentioned  which  contained  0.107  ^  was 
from  a.heap  of  horse-manure  and  loam  that  had  lain  4  or  5  months 
on  the  premises  of  a  market-gardener.  As  Boussingault  remarked, 
these  quantities  of  nitrates  are  not  so  very  much  smaller  than  were 
the  amounts  obtained  not  infrequently  from  the  nitrous  earths  of 
the  old  saltpetre  boilers. 

Composts  may  be  made  far  from  Home. 

One  great  advantage  in  composts  is,  that  they  can  be  made  far 
from  home.  Suppose,  for  example,  that  there  is  an  outlying  field 
that  needs  to  be  fertilized.  It  will  often  be  better  practice  to  get 
out  pond-mud,  or  peat,  or  sods,  at  the  locality  itself,  and  haul 
thither  enough  dung,  or  lime,  or  ashes  to  compost  the  inert  mate- 
rials than  it  would  be  to  haul  dung  enough  to  manure  the  entire 
field.  A  similar  remark  will  apply  to  home  fields,  which  are  not 
readily  accessible  at  certain  seasons. 
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One  word  should  be  said  aboat  the  forking  up  of  great  heaps  of 
manure  in  the  spring,  by  the  market-gardeners,  where  the  chief 
motive  seems  to  be  the  using  of  the  heat  of  fermentation.  When 
brought  to  the  cold  gi*ound,  the  hot  manure  warms  it  considerably, 
as  will  be  explained  in  a  subsequent  chapter,  and  so  insures  a  bet- 
ter start  to  the  early  peas  or  other  vegetables  which  are  to  be 
grown  there.  Horse-manure  is  esteemed  for  this  purpose,  and  that 
which  contains  straw  is  held  to  be  better  than  that  which  is  mixed 
with  bog-meadow  hay.  In  this  case,  the  gardeners  are  really 
seeking  to  get  a  feeble  form  of  bottom  heat,  such  as  is  seen  at  ita 
best  in  their  hotbeds.  Twenty-five  cords  of  such  manure  to  the 
acre,  which  is  a  not  unusual  application,  are  clearly  competent 
to  force  an  early  crop,  both  by  virtue  of  the  heat  developed,  and 
of  the  large  amount  of  nitrogen  which  the  manure  contains.  It  is 
probable,  withal,  that  nitrification  speedily  sets  in  where  the  land 
has  thus  been  prepai*ed  and  warmed,  as  if  for  this  special  purpose, 
by  working  into  it  such  large  quantities  of  manure. 
Composts  regarded  as  Saturated  Earths. 

There  is  still  another  way  of  looking  at  composts  beside  those 
already  described,  and  it  is  the  usual  method  of  regarding  them ; 
namely,  as  '^  eai*ths  saturated  with  easily  assimilable  plant- food." 
There  are  many  cases  where  the  crop  will  succeed  better  when 
treated  with  sueh  saturated  earth  than  if  it  were  dressed  with  clear 
dung.  Take  the  case  of  ^^ dunging  in  the  hill,"  for  example;  it 
will  manifestly  be  better  to  have  a  shovelful  of  compost  left  in  con- 
tact with  the  seed  than  a  mass  of  dung.  For  fresh  dung  might  rot 
the  seed,  and  hot  manure  would  be  likely  to  "burn"  it,  as  the 
term  is.  Moreover,  crops  like  beets  and  potatoes  have  no  such 
powerful  roots,  when  young,  that  they  can  afford  to  search  for 
their  food  at  great  distances.  They  do  best  when  a  "  saturated 
earth  *'  is  supplied  to  them  in  the  beginning  close  at  hand. 

Again,  for  top-dressing  mowing-fields  and  pastures,  the  satu- 
rated earth  is  specially  well  fitted.  There  are  some  soils  withal, 
such  as  dry  sands,  where  dung  does  not  decompose  advantage- 
ously, and  it  is  precisely  on  such  soils  that  the  saturated  earth 
does  most  eflScient  service.  But,  as  hardly  needs  to  be  said,  this 
saturated-earth  theory  is  taken  somewhat  after  the  fact.  It  con- 
cerns itself  with  the  uses  to  which  the  product  is  to  be  put,  rather 
than  with  the  scientific  explanation  of  the  mode  of  manufacture. 
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Composts  are  really  Earths  charged  with  Microdemes, 
In  the  light  of  existing  knowledge,  it  is  more  reasonable  to  con- 
sider composts  as  earths  charged  with  microscopic  organisms,  such 
as  bring  soils  into  a  good  state  of  fermentation  and  help  to  in- 
crease fertility  either  by  changing  into  new  forms  matters  which 
are  already  contained  in  the  soil,  or  possibly  sometimes  by  work- 
ing to  fix  free  nitrogen  from  the  air.  In  order  to  grasp  this  con- 
ception clearly,  the  student  will  do  well  to  contrast  ripe  compost 
with  crude  and  barren  earth,  such  as  may  often  be  seen  upon  the 
sides  of  ditches,  roads,  and  railways  where  banks  have  recently 
been  cut  through.  Earth  thus  laid  bare  may  remain  sterile  even 
for  several  years  after  the  excavations  are  made ;  and  the  infer- 
ence is,  that  it  does  not  contain  the  organisms  which  promote 
fertility.  In  the  absence  of  these  organisms,  no  proper  fennenta- 
tion  can  occur,  and  the  earth  remains  infertile.  But  by  strewing 
a  good  compost  upon  such  land  it  would  not  be  difficult  to  estab- 
lish vegetation  upon  it,  especially  if  pains  were  taken  that  the 
slope  should  not  be  too  steep,  and  if  a  furrow  were  drawn  upon 
the  land  at  the  upper  edge  of  the  slope  to  lead  away  rain-water, 
and  so  prevent  the  slope  from  being  washed  and  gullied. 
Phosphatic  Compost. 
In  some  cases  it  may  perhaps  be  well  to  incorporate  with  com- 
posts, during  the  process  of  preparation,  phosphates  of  one  kind 
or  another,  such  as  ground  phosphatic  slag,  or  Florida  phosphate, 
bone-black,  bone-ash,  ground  phosphatic  guano,  or  possibly  even 
one  of  the  better  kinds  of  ground  phosphate  rock  (**  floats,"  so 
called).  The  chief  objection  to  this  idea  is  that  the  process  of 
composting  does  not  exert  any  vei7  powerful  action  upon  such 
phosphates.  It  is  true  enough  that  insoluble  phosphates  are 
slowly  attacked  to  a  certain  extent  in  an  ordinary  compost-heap, 
but  the  action  is  slight  and  feeble  and  not  much  to  be  depended 
upon  as  a  practical  resource ;  unless  indeed,  as  sometimes  hap- 
pens, the  peat  employed  contains  free  sulphuric  acid.  (Holde- 
fleiss.)  Whether  precipitated  phosphate  of  lime  might  not  some- 
times advantageously  be  scattered  upon  the  compost  at  the  moment 
of  turning  it,  is  a  question  to  be  decided  by  experience.  This 
phosphate  is  an  excellent  fertilizer  for  many  purposes,  and  may 
readily  be  applied  by  itself,  but  possibly  enough  it  might  serve  a 
useful  purpose  in  the  compost-heap  by  feeding  there  the  micro- 
organisms which  cause  decay,  and  it  might  afterwards  do  as  much 
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good  to  the  crop  as  if  it  had  been  applied  directly  to  the  land.  In 
the  case  of  moor-land  which  contains  free  sulphuric  acid,  an  ap- 
plication of  phosphatic  slag,  after  draining,  could  hardly  fail  to 
be  useful. 

It  is  a  strong  point  to  be  ui^ed  in  favor  of  phosphatic  composts 
that  phosphate  of  lime  promotes  putrefaction ;  evidently  by  serv- 
ing as  food  for  the  micro-organisms  which  cause  decay.  It  was 
noticed  some  years  ago  by  Collas  that  particularly  active  putre- 
faction sets  in  on  adding  small  quantities  of  phosphate  of  lime  to 
flesh  or  to  isinglass,  and  this  observation  has  been  confirmed  by 
Lefort,  who  could  not  find  any  other  compound  so  efiScient  as  the 
phosphate,  in  this  regard. 

Dry  Loam  may  injure  Manure. 

Thus  far  it  has  been  argued  that  the  mixing  of  peat,  loam,  or 
straw  with  dung  is  in  the  main  advantageous  as  a  means  of  pre- 
serving the  manure,  provided  the  mixture  is  kept  moist  and  cool, 
even  if  it  be  exposed  to  the  air,  and  in  case  a  heap  of  moist  ma- 
nure were  to  be  covered  with  impacted  earth  the  presumption  is 
that  the  manure  would  be  preserved  much  in  the  same  way  as  if 
it  had  been  stored  in  a  silo.  Holdefleiss  has  found  in  fact  that 
very  little  nitrogen  is  lost  from  heaps  of  well-conditioned  manure 
that  have  been  covered  with  loam.  In  his  experiments  on  this 
point,  it  was  exceptional  when  as  much  as  1.8  and  2  ^  of  the 
original  nitrogen  were  lost.  But  there  is  another  side  to  this  ques- 
tion of  admixture,  for  practical  experience  goes  to  show  that  when 
dung  or  urine  are  mixed  with  an  excess  of  dry  loam  or  dry  peat, 
and  then  exposed  to  the  free  action  of  the  air  in  loose  heaps,  there 
is  danger  that  a  good  part  of  their  nitrogen  will  be  lost.  This 
particular  point  has  not  yet  been  sufficiently  studied,  but  it  would 
appear  that  the  loss  of  nitrogen  must  depend  upon  some  process 
of  oxidation  due  to  the  free  admission  of  air  thraugh  the  loose 
materials.  It  has  been  proved  by  several  different  obsei-vers  that 
when  nitrogenous  organic  substances  undergo  decomposition  in 
presence  of  much  oxygen,  considerable  quantities  of  free  nitrogen 
gas  may  be  evolved  from  the  materials ;  and  there  is  no  lack  of 
farm  experience  to  teach  the  importance  of  hindering  free  oxygen 
from  gaining  access  to  the  interior  of  manure-heaps. 

Moreover,  Gibson  has  shown,  by  adding  an  infusion  of  loam  to 
flesh  and  to  blood-seiiim  which  were  decaying  in  presence  of  air, 
that  certain  micro-organisms  from  the  loam  brought  about  fer- 
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mentationB  of  the  blood  which  were  attended  with  liberation  of 
very  considerable  quantities  of  free  nitrogen  gas.  In  these  par- 
ticular experiments,  the  liberation  of  nitrogen  by  the  loam-microbe 
was  wholly  .independent  of  any  process  of  nitrification.  But  it  has 
been  observed  repeatedly  by  many  different  chemists,  that  when 
nitrates  are  present  in  fermenting  manure  or  in  other  kinds  of  de- 
caying organic  matter,  they  are  apt  to  be  deoxidized  in  such 
manner  that  some  of  their  nitrogen  goes  to  waste  as  such. 
Nitrogen  Lost  from  Nitrates  during  Putrefaction. 

Tacke,  for  example,  has  shown  that  large  losses  of  free  nitrogen 
may  occur  during  the  putrefaction  of  moist  organic  matters  with 
which  a  nitrate  has  been  mixed.  In  his  experiments  a  variety  of 
crushed  vegetable  matters  such  as  beet-root  and  clover  leaves  and 
various  moist  mixtures  of  flesh  with  meal,  starch  and  sugar  were 
made  to  putrefy,  but  in  the  absence  of  nitrates  no  appreciable 
amount  of  free  nitrogen  was  ever  exhaled  from  these  mixtures,  no 
matter  whether  the  putrefaction  occurred  in  the  entire  absence  of 
oxygen  gas  or  in  presence  of  an  excess  of  it.  On  the  other  hand, 
when  a  nitrate  was  added  to  the  organic  matters  which  were  putre- 
fying, this  nitrate  was  immediately  reduced,  and  an  abundance  of 
free  nitrogen  was  evolved,  together  with  vaiying  amounts,  in  many 
cases,  of  the  other  products  of  reduction,  viz.  nitrous  oxide,  nitric 
oxide  and  nitrous  acid.  When  the  putrefaction  occurred  in  an 
atmosphere  of  oxygen  gas  the  reduction  of  the  nitrate  was  less 
vigorous  than  in  cases  where  no  free  oxygen  was  present,  but  in 
no  case  did  it  wholly  cease,  though  perhaps  this  result  might  have 
been  attained  if  it  had  been  possible  to  bring  the  oxygen  gas  into 
intimate  contact  with  every  particle  of  the  putrefying  matter.  In 
general,  it  was  observed  that  the  reduction  of  the  nitrate  was  more 
emphatic  in  proportion  as  less  free  oxygen  was  present. 

The  reduction  of  nitrates  in  tbis  way  manifestly  depends  upon 
the  presence  in  the  putrefying  mass  of  certain  micro-organisms 
which  consume  the  oxygen  of  the  nitrate.  It  has  been  claimed 
indeed  by  Gayon  and  Dupetit  that  they  have  isolated  and  ex- 
amined these  organisms.  Tacke's  results  have  been  corroborated 
by  those  of  Ehrenberg,  who  finds  that  in  the  absence  of  oxygen 
gas,  an  abundance  of  free  nitrogen  escapes  from  putrefying  or- 
ganic matters  with  which  nitrates  have  been  admixed.  When  the 
putrefying  matters  are  placed  in  an  atmosphere  of  pure  oxygen, 
the  evolution  of  nitrogen  will  cease  after  a  time,  for  in  this  case 
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the  ferment  organismB  will  use  the  free  oxygen  and  no  longer  take 
oxygen  from  the  nitrates.  In  his  trials  with  putrefying  organic 
matters,  both  moist  and  wet,  wliich  were  free  from  nitrates,  Ehren- 
berg  could  not  detect  any  evolution  of  free  nitrogen,  neither  when 
oxygen  gas*  was  absent  nor  when  it  was  present  in  excess.  In 
consonance  with  these  results,  Kellner  has  noticed  that  there  is  an 
appreciable  loss  of  free  nitrogen  from  organic  matters  which  are 
undergoing  the  process  of  nitrification. 

Even  before  the  publication  of  the  foregoing  obsei*yations, 
Dietzell  had  urged  that  whenever  free  nitrogen  is  lost  during  the 
decay  of  organic  matters,  this  loss  is  in  some  way  connected  with 
the  formation  of  nitrites  by  way  of  fermentation,  and  it  is  known 
that  when  nitrites  are  brought  into  contact  with  amines  or  amido- 
acids,  such  as  urea  or  leucin,  ty rosin  and  other  products  of  the 
decay  of  nitrogenous  matters,  they  are  liable  to  be  decomposed 
with  evolution  of  free  nitrogen  gas.  Dietzell  claims  that  this  loss 
of  nitrogen  during  decay  may  be  prevented  by  mixing  the  oi*ganic 
matter  with  precipitated  phosphate  of  lime  or  with  powdered  phos- 
phatic  slag. 

Oxidution  by  Dry  Loam  is  due  to  Micro-organisms. 

It  is  to  be  noted  that  the  loss  of  nitrogen  through  reduction  of 
nitrates  and  nitrites  is  quite  a  different  matter  from  the  liberation 
of  nitrogen  by  the  action  of  loam-microbes  on  decaying  substances 
which  contain  no  nitrates,  as  studied  by  Gibson ;  and  that  these 
loam-microbes  of  direct  action  would  appear  to  be  of  paramount 
importance  as  a  cause  of  the  slow  destruction  of  manure  in  loose 
dry  heaps.  It  is  not  yet  known  whether  the  injury  which  manure 
suffers  when  it  is  left  loose  and  dry  may  be  complicated  with 
processes  of  nitrification,  though  the  presumption  would  be  ad- 
verse to  any  such  supposition  because  of  the  lack  of  moisture. 
But  there  can  hardly  be  a  doubt  that  the  decompositions  which  are 
known  to  occur  in  such  heaps  must  depend  in  good  part  on  the 
presence  of  aerobic  ferments  which  feed  upon  the  organic  matter 
as  well  as  upon  oxygen  gas,  and  thus  bring  about  the  wellnigh 
complete  oxidation  of  the  organic  matter.  Dry  earth,  or  any 
other  material  porous  enough  to  permit  the  free  entrance  of  atmos- 
pheric air,  while  acting  at  the  same  time  to  subdivide  the  organic 
matter  and  to  increase  the  number  of  points  of  contact  between 
it  and  the  air,  must  favor  the  multiplication  and  the  effective 
working  of  the  ferment. 
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I  have  myself  observed  in  the  case  of  loams  that  were  kept  for 
months  and  years  in  an  absolutely  air-dried  condition  that  the 
organic  matter  suffered  slow  decomposition  with  formation  of 
much  carbonic  acid. 

As  has  been  said  already,  under  Dung,  — beside  putrefaction 
proper,  and  the  anaerobic  fermentations,  which  need  no  air  for 
their  completion  —  there  are  processes  of  slow  decay,  or  '^slow 
combustion,"  as  the  term  is,  which,  though  due  like  the  others  to 
the  action  of  microscopic  organisms,  are  characterized  by  the  fact 
that  air  is  necessary  for  their  progress.  It  is  the  so-called  aerobic 
ferments  which  cause  the  decay  of  manure  in  loose  heaps  and  the 
waste  of  humus  in  cultivated  fields ;  and  it  commonly  happens, 
while  one  kind  of  fermentation  may  be  going  on  at  the  centre  of 
a  dung-heap  to  which  no  air  has  access,  that  decay  of  a  totally 
different  order  is  progressing  at  the  surface  of  the  heap ;  as  deeply, 
that  is  to  say,  as  air  can  find  entrance  to  the  materials.  It  is 
notorious  that  all  substances  habitually  in  contact  with  the  air  — 
such  as  the  surfaces  of  plants,  the  skins  of  animals,  the  feathers 
of  birds,  the  soil  itself  and  everything  that  rests  upon  the  soil — 
are  apt  to  be  highly  charged  with  bacteria  which  settle  out  from 
the  air,  as  dust  settles,  because  they  are  heavier  than  air.  This 
statement  may  readily  be  verified  by  putting  minute  particles  of 
earth,  or  of  any  substance  that  has  long  been  exposed  to  the  air, 
upon  food  prepared  expressly  for  the  growth  of  bacteria,  and 
observing  with  the  microscope  how  rapidly  the  organisms  develop 
there.  In  one  instance  studied  in  this  way  by  Koch,  it  was  noticed 
that  while  the  uppermost  layers  of  the  soil  contained  innumerable 
germs,  very  few  could  be  detected  at  a  depth  of  two  feet,  and 
none  at  a  depth  of  three  feet. 

It  is  to  be  remembered,  none  the  less,  that  the  experiments  of 
Schloesing,  already  cited,  have  shown  that  some  part  of  the  oxi- 
dation which  occurs  in  loose  manure-heaps  must  be  attributed  to 
chemical  action,  pure  and  simple,  and  it  is  to  be  observed  that 
porous  substances,  such,  for  example,  as  charcoal,  or,  better  yet, 
spongy  platinum,  may  exert  a  powerful  influence  upon  foul  odors 
to  destroy  them. 

Ooeidation  by  Porous  Bodies, 

The  decomposing  action  of  porous  bodies  is  well  shown  by  a 
common  lecture-room  experiment,  which  consists  in  covering  the 
body  of  a  rat  or  squiiTel  with  a  little  heap  of  bone-charcoal,  and 


368  AGKICULTURE. 

leaving  the  heap  undiBturbed  for  some  weeks.  It  is  then  fonod 
that  the  putrescible  portions  of  the  animal  have  disappeared,  and 
that  little  or  nothing  of  him  is  left  but  bones  and  hair.  But  mean- 
while no  odor  has  been  perceived  to  arise  from  the  heap  of  char- 
coal, excepting  a  very  faint  smell  of  ammonia.  So  long  as  any 
moisture  is  left  in  the  animal,  his  flesh  probably  decomposes  rapidly 
by  tlie  action  of  aerobic  ferments,  and  in  case  any  of  the  products 
of  the  decomposition  are  offensive,  they  would  be  absorbed  and 
destroyed  by  the  porous  coal. 

There  appear  to  be  three  points  worthy  of  special  notice  in  re- 
spect to  this  so-called  disinfecting  action  of  charcoal;  viz.,  the 
easy  access  of  air  to  the  organic  matter,  through  the  loose  parti- 
cles of  the  coal,  whereby  the  activity  of  aerobic  ferments  is  pro- 
moted ;  the  power  of  the  coal  to  absorb  volatile  matters ;  and  the 
fact  that  the  substances  thus  absorbed  react  chemically  upon  one 
another.  The  charcoal  absorbs  the  offensive  matters  together 
with  air,  and  thus  forces  the  oxygen  of  the  air  into  such  close 
communion  with  the  offensive  compounds  that  the  latter  are  burnt 
up  and  destroyed.  In  some  foreign  cities,  sieves  of  charcoal 
have  been  placed  across  the  air- vents  of  sewers  in  such  manner 
that  the  outgoing  air  should  all  be  filtered  through  the  charcoal, 
and  so  be  disinfected.  Chemists  are  familiar  with  the  fact  that 
bone-charcoal  actually  does  possess  considerable  oxidizing  power, 
in  this  sense,  and  methods  have  been  devised  for  patting  it  in 
evidence  by  means  of  lecture-room  experiments.  It  is  to  be 
noticed  that,  as  a  general  rule,  the  charcoal,  far  from  exeiling  any 
preservative  influence,  actually  hastens  the  decomposition  of  the 
oi^anic  matter.  Its  action  was  well  exemplified  in  the  case  of 
some  trout  caught  by  a  student  in  New  Hampshire,  and  packed  in 
charcoal  powder  there  to  "  preserve"  them,  but  which,  on  being 
sent  expi*ess  to  his  friends  in  Boston,  were  received  by  them  in  an 
advanced  stage  of  decomposition. 

It  may  be  remarked  in  passing  that  the  familiar  practice  of 
charring  those  portions  of  the  butts  of  posts  or  poles  that  are  to 
be  buried  in  the  ground,  in  order  to  preserve  the  wood,  depends 
upon  other  considerations  than  the  foregoing.  The  action  of  the 
fire  destroys  the  outermost  layer  of  the  wood,  i.  e.  it  there  de- 
stroys the  nitrogenous  and  amylaceous  matters  which  would  nat- 
urally have  served  as  food  for  the  microscopic  organisms  which 
abound  in  damp  earth.     The  charcoal  itself  cannot  serve  to  nour- 
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ish  these  organismB,  and  by  covering  the  wood  which  is  beneath 
it,  it  protects  this  wood  to  a  considerable  extent,  though  finally 
when  the  post  is  dug  up  after  the  lapse  of  years,  the  external 
layer  of  charcoal  will  alone  be  found  in  a  sound  condition.  It  is 
to  be  remembered  also  that  when  wood  is  strongly  heated  a  variety 
of  acid,  tarry  and  empyreumatic  substances  are  formed  which 
permeate  the  uncharred  portions  of  the  wood,  and  for  a  time  act 
as  germicide  agents  to  prevent  decay. 

Common  experience  teaches  that  dry  earth  acts  to  deodorize  fetid 
matters,  and  apparently  it  does  so  somewhat  in  the  same  way  as 
charcoal,  though  to  a  less  degree.  The  habits  of  mankind  with 
regard  to  the  bui*ying  of  dead  animals,  and  of  all  offensive  mat- 
ters, well  illustrate  this  point.  Doubtless  the  earth  may  do  good 
service  by  destroying  offensive  emanations  from  the  putrefying 
mattei-s,  as  charcoal  does,  but  it  must  often  happen  that  buried 
materials  will  simply  be  destroyed,  which  by  proper  treatment, 
might  have  been  saved  to  serve  as  fertilizers. 

Destructive  Potver  of  Porous  Earth, 

To  repeat,  the  destructive  power  of  earth  is  mainly  a  conse- 
quence of  its  porosity.  The  drier  the  earth,  up  to  a  certain  point, 
so  much  the  greater  will  be  its  destructive  power,  for  in  moist 
earth  most  of  the  pores  are  filled,  and  stopped  up,  as  it  were,  with 
water.  But  even  moist  earth  must  exert  some  of  this  destructive 
power,  unless  it  be  compacted  tightly ;  and  in  most  manure-heaps 
some  parts  of  the  heap  will  be  loose  enough  and  dry  enough  to  be 
subject  to  more  or  less  of  this  kind  of  decay. 

It  is  an  admitted  fact  in  natural  philosophy,  that  by  force  of  ad- 
hesion, every  solid  substance  exposed  to  the  atmosphere,  or  to  any 
other  gas,  is  covered  with  a  thin  film  or  coating  of  air,  or  of  the 
other  gas.  To  some  substances,  like  metallic  platinum,  gases  ad- 
here with  peculiar  force,  and  so  they  do  to  many  porous  bodies ; 
i.  e.  substances  whose  interstices  present  a  large  surface  in  propor- 
tion to  their  bulk.  A  familiar  instance  of  such  adhesion  is  seen 
in  the  clinging  of  tobacco-smoke  to  curtains  and  other  woollen  arti- 
cles ;  and,  as  has  been  said,  more  or  less  carbonate  of  ammonia 
may  be  retained  by  the  soil  in  this  way,  especially  by  clay.  (See 
"  How  Crops  Feed,"  p.  243.) 

The  air  or  other  gas  thus  held  as  a  film  upon  the  solid  substance 
must  evidently  be  veiy  much  compressed  as  compared  with  atmos- 
pheric air,  and  must  consequently  be  peculiarly  ready  to  act  or  to 
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be  acted  upon  chemically.  Moreover,  air  thus  held  attached  to 
porous  bodies  may  serve  as  a  reservoir  or  source  of  supply  for  the 
support  of  micro-organisms,  even  in  the  midst  of  a  great  heap  of 
inert  materials. 

Perhaps  because  the  substances  experimented  upon  vary  so 
widely  lu  respect  to  porosity,  it  is  not  easy  to  obtain  clear  con- 
ceptions as  to  the  limitations  of  these  facts,  or  as  to  their  practi- 
cal importance  in  respect  to  the  preservation  or  destruction  of 
heaps  of  ordinary  compost  or  dung.  For  instance,  there  is  an 
experiment  by  WolfiP,  in  which  150  grams  of  finely  powdered 
charcoal  were  packed  with  cow-manure  in  a  cubic-foot  box,  and 
left  in  a  north  room  for  15  months.  The  mixture,  which  weighed 
about  15,000  grams  at  first,  hardly  lost  weight  any  more  rapidly 
than  the  mere  manure  with  which  it  was  contrasted,  and  it  con- 
tained as  much  niti'Ogen  as  the  latter  at  the  close  of  the  experi- 
ment. 

There  are  experiments  by  Stanford,  also,  in  which  little  or  no 
nitrogen  was  lost  from  small  quantities  of  meat,  urine,  and  ex- 
crement which  had  been  admixed  with  charcoal,  and  left  during 
the  summer  months  in  loosely  covered  dishes.  All  these  results 
seem  to  point  to  the  conclusion  that  the  oxidizing  action  is  hin- 
dered by  extreme  dryness.  Apparently,  a  certain  small  propor- 
tion of  moisture  should  be  present  in  order  that  the  destruction  of 
oi^anic  matter  by  the  micro-organisms  which  live  in  porous  earth 
may  be  really  rapid ;  though,  as  was  just  now  said,  I  have  myself 
observed  that  very  considerable  quantities  of  carbonic  acid  are 
habitually  formed  in  thoroughly  air-dried  soils  which  have  been 
kept  for  a  long  time  in  dry  rooms,  either  in  barrels  or  in  quanti- 
ties no  larger  than  the  contents  of  an  ordinary  flower-pot.  (See 
close  of  Chapter  XVI. 

^^Earth'doaeta"  destroy  Manure. 

It  has  been  pretty  clearly  made  out  that  the  oxidizing  power  of 
dry  earth,  when  loose  or  not  tightly  packed,  is  a  matter  of  no  small 
impoitance  in  its  bearings  upon  the  so-called  '^  earth- closet "  sys- 
tem of  disposing  of  human  excrements.  In  this  system,  as  is  well 
known,  the  idea  is  to  cover  up  the  excrement  instantly  with  dry 
earth.  Sifted  garden  loam  is  best ;  clayey  loam  is  good ;  but  fine 
coal  ashes  will  do  very  well,  except  that  they  are  rather  too  dusty 
for  comfort. 

There  is  provided,  in  place  of  the  fixtures  of  the  ordinary  water- 
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closet,  a  somewhat  larger  set  of  pipes  for  the  transmission  of  pow- 
dery earth  instead  of  water,  and  these  pipes  are  connected  with  a 
reservoir  of  dry  earth  above.  Upon  opening  a  valve,  the  dry  earth 
flows  down  as  if  it  were  water,  and  passes  into  another  reservoir 
below,  whence  it  can  be  removed  from  time  to  time,  as  occasion 
may  require. 

When  human  excrements  are  thus  covered  with  fine,  dry  earth, 
their  odor  at  once  ceases  to  be  perceptible,  and  no  further  annoy- 
ance can  arise  from  them.  All  fermentation,  in  the  ordinary  mean- 
ing of  the  term,  is  prevented,  and  the  excrement  is  deodorized  so 
completely  that  one  and  the  same  barrel  of  earth  may  be  used  over 
and  over  again,  and  finally  carted  away  without  offense,  precisely 
as  if  it  were  mere  loam  or  ashes,  since,  except  for  a  suspicion  of 
ammonia,  it  has  no  odor  other  than  that  of  earth.  Except  for  the 
trouble  of  keeping  up  the  supply  of  dry  earth,  it  would  be  difil- 
cult  to  say  too  much  in  favor  of  this  system.  As  a  sanitary  de- 
vice it  has  very  great  merit,  and  is  doubtless  the  next  best  system 
to  that  of  water-closets  which  has  yet  been  devised.  One  plan  was 
to  use  charcoal  instead  of  earth,  and  to  carry  away  tlie  spent  ma- 
terial at  stated  intervals,  and  <M*e-bum"  it —  i.  e.  subject  it  to  a 
process  of  destructive  distillation  —  as  a  means  of  maintaining 
methodically  a  supply  of  the  absorbent  material.     (Stanford.) 

It  was  thought  at  one  time  that  the  general  adoption  of  earth- 
closets  in  villages  and  small  towns  would  be  a  distinct  gain  for 
agriculture ;  for,  even  if  it  were  admitted  that  the  system  is  imper- 
fect as  a  means  of  preserving  manure,  it  was  believed  that  it  must 
still  be  vastly  better  than  the  methods  in  common  use.  Hence  it 
was  supposed  that  an  enormous  amount  of  fertilizing  material  that 
now  goes  to  waste  would  probably  be  saved. 

But  it  is  plain,  from  what  has  been  said  already  of  the  mode  of 
action  of  dry  earth,  that  the  earth-closet  must  be  a  very  imperfect 
device  for  saving  manure,  both  because  so  large  an  amount  of 
earth  has  to  be  used  in  order  thoroughly  to  absorb  the  liquid  por- 
tion of  the  manure,  and  because  of  the  tendency  of  micro-organ- 
isms in  the  earth  to  burn  up  and  destroy  the  dung.  In  point  of 
fact,  it  has  been  found  in  actual  practice  that  tlie  amount  of  ni- 
trogen retained  by  the  earth  is  but  inconsiderable,  even  when  the 
earth  has  been  repeatedly  used. 

Voelcker  found  in  loam  which  had  been  used  four  times  in  an 
earth-closety  and  dried  by  fire-heat  each  time  after  use,  no  more 
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than  0.39  ^  of  nitrogen,  1 1%  of  bone-phosphate  of  lime,  and 
1 1  %  of  potash.  At  another  time  he  analyzed  loam  of  a  some- 
what different  character,  that  had  been  used  five  times  in  the 
closet,  and  dried  by  fire-heat  four  times,  and  finally  been  allowed 
to  dry  in  the  air  after  the  fifth  use.  This  material  contained 
0.41  %  nitrogen,  1  ^  bone-phosphate  of  lime,  and  0.66  %  potash. 
No  nitrates  could  be  detected  in  either  of  these  samples. 

Yet  again,  he  analyzed  materials  from  a  prison  at  Wakefield, . 
and  obtained  the  results  set  forth  in  the  table.     For  the  sake  of 
ready  comparison,  all  the  figures  are  calculated  for  earth  dried 
at  212^ 

Earth  be-  Earth  Earth  Earth 

for«iue.  ODcensed.  twice  tned.  thrice  oaed. 

Organlcmatter  and  water  of  conatitotlon     9.88  9.79  11.53  12.22 

Alumina  and  oxide  of  iron 12.95  16.16  14.11  12.48 

Pboephoric  acid 0.18  0.2&  0.44  0.51 

Magnesia i  r  077  0.90 

Alkalies  and  loss J   ***  ^^  1  0.72  0.74 

Insoluble,  clay  and  sand 71.90  68.93  70.30  71.01 

Nitrogen 0.31  0.37  0.42  0.51 

The  original  earth  was  a  clayey  garden-loam,  that  contained, 
when  ready  for  use,  10  <^  of  moisture.  The  used  earths  con- 
tained from  12  to  22  ^  of  moisture,  according  to  the  state  of  the 
weather. 

It  will  be  seen  from  the  table  that  there  is  only  a  very  small  in- 
crease in  the  proportion  of  nitrogen  each  time  the  earth  is  used. 
The  increase  of  phosphoric  acid,  though  larger  than  that  of  the  ni- 
trogen, is  still  small.  A  ton  of  the  thrice-used  earth  would  hardly 
contain  10  lb.  of  phosphoric  acid.  The  once-used  earth  contained 
only  0.06  ^o  more  nitrogen  and  0.07  ^  more  phosphoric  acid  than 
the  original  loam. 

In  experiments  upon  a  somewhat  different  plan,  made  by  Dr. 
Gilbert,  14  cwt.  of  air-dried  clayey  loam  were  sifted  and  put  aside 
for  use.  When  0.33  to  0.50  of  this  store  had  been  used,  it  was 
necessary  to  empty  the  pit.  The  mass  was  found  to  be  uniformly 
moist  throughout,  though  neither  faecal  matter  nor  paper  could  be 
seen  in  it.  This  once-used  earth  was  spread  upon  the  floor  of  a 
shed  to  dry,  and  was  then  resif ted  and  again  passed  through  the 
closet.     Analysis  of  the  materials  gave  the  following  results :  — 

Before  nse.  Once  osed.  Twice  need. 
Moistare  expelled  at  212*  F.  from  the  air-dried, 

sifted  soil 8.440  9.970  7.710 

Per  cent  of  nitrogen  in  air-dried,  sifted  SOU    .    .    0.067  0.216  0.368 

r«r  cent  of  nitrogen  in  sou  dried  at  212»     .    .    .    0.078  0.240  0M3 
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As  Dr.  GUbert  has  observed,  the  twice- used  soil  is  no  better 
than  good  garden-loam.  It  coald  not  bear  the  cost  of  carriage, 
except  to  a  very  short  distance.  It  would  appear,  nevertheless, 
from  English  experience,  that  when  the  closets  are  fed  with  gar- 
den-loam, and  the  used  earth  is  immediately  applied  as  a  fertilizer, 
crops  may  derive  some  benefit  from  it.  When  applied  at  the  rate 
of  from  half  a  ton  to  a  ton  to  the  acre,  it  is  said  to  have  been  ben- 
eficial to  grass-land,  potatoes,  onions,  and  other  vegetables. 
Wariiig's  Experiment. 

In  this  country.  Colonel  Waring,  at  Newport,  purposely  kept  a 
couple  of  tons  of  the  dry  earth  for  a  number  of  years,  and  had  it 
used  over  and  over  again,  in  order  to  see  how  often  it  could  be 
used  without  losing  its  efficiency.  The  material  consisted  of  a 
mixture  of  about  1  part  loam  and  3  parts  coal-ashes.  The  closets 
were  filled  about  6  times  a  year,  and  when  the  vaults  were  emptied, 
the  earth  was  thrown  into  a  heap  in  a  well- ventilated  cellar  to  dry. 
Waring  states  that  the  material  which  he  sent  to  be  analyzed  must 
have  been  used  at  least  ten  times,  and  that  it  was  the  same  to  all 
outward  appearance  then  as  it  had  been  in  the  beginning.  It  had 
no  odor,  and  it  looked  and  felt  the  same  as  at  first,  and  it  seemed 
to  be  just  as  eflScieut  in  the  closet  as  ever. 

From  Professor  Atwater's  analysis  of  this  ten-times-used  mate- 
rial it  appeared  that  it  contained  1.31  ^  of  moisture,  10.72  ^  of 
oi'gauic  and  volatile  matters,  0.37  %  of  phosphoric  acid,  and 
0.28  ^  of  nitrogen.  It  was  shotv^n  that,  excepting  a  slight  gain 
in  respect  to  phosphoric  acid,  the  material  had  practically  not  been 
improved  by  its  tenfold  use.  Neither  the  dung  nor  the  urine  with 
which  the  earth  and  ashes  had  been  so  often  charged  had  made 
much  impression  upon  it. 

Waring  urges  that  the  amounts  of  these  foreign  matters  added 
to  the  earth  were  by  no  means  small.  He  computes  that  the  use 
to  which  the  closets  were  put  was  equal  to  that  of  four  adults  for 
six  years ;  and  since  an  adult  voids  23  lb.  of  dry  matter  per  year 
in  the  faices  and  34  lb.  of  dry  matter  in  the  urine,  — of  which  last 
he  admits  that  one- third  went  into  the  closets,  —  there  would  be 
about  34  lb.  of  dry  manure  go  into  the  closets  every  year  for  each 
person ,  excluding  paper  from  the  account.  Hence  the  four  people 
in  six  years  would  yield  over  800  lb.  of  dry  solid  manure,  contain- 
ing more  than  230  lb.  of  nitrogen. 

From  the  analysis,  it  appears  that  Waring's  two  tons  of  mate- 
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rial  contained  only  about  400  lb.  of  organic  and  volatile  matters, 
Bome  of  which  was  undoubtedly  "water  of  constitution"  that 
would  not  go  off  at  212**,  and  it  is  to  be  infeiTed  that  a  consider- 
able propoi-tion  of  this  organic  matter  was  already  contained  in 
the  earth  at  the  beginning.  Atwater^s  analysis  shows  only  11  lb. 
of  nitrogen  in  the  2  tons  of  Waring's  used  earth,  which  is  no  more 
than  was  contained  in  2  tons  of  the  fresh  earth  (garden  loam) 
analyzed  by  Voelcker.  It  would  appear  that,  practically  speak- 
ing, in  this  case  nearly  all  the  organic  matters  of  the  excrement 
and  the  paper  must  have  been  buiiit  up  and  destroyed. 

Professor  Johnson  assures  me  that  he  too  made  analyses  of  used 
earth  from  Waring's  closets  some  years  earlier,  and  that  the  results 
were  similar  to  Atwater's.  They  seemed  so  extraordinary  that 
Waring  could  not  bring  himself  at  that  time  to  publish  them.  Of 
course,  the  results  as  now  stated  are  all  the  more  striking,  inas- 
much as  they  relate  to  a  longer  term  of  years. 

This  palpable  destruction  of  manure  by  dry  earth  is  likely  to 
cast  discredit  upon  one  at  least  of  the  instances  where  loam  is 
used  for  bedding  animals.  It  was  formerly  thought  that,  for 
sheep,  bedding  with  loam  must  certainly  be  a  commendable  prac- 
tice, since,  in  view  of  the  comparative  dryness  of  the  excrements, 
there  is  much  less  risk  than  there  is  with  cows  of  the  animals 
being  unduly  soiled  by  contact  with  the  earth  whenever  it  hap- 
pens to  be  moistened.  But,  as  has  just  been  stated,  there  is  good 
reason  to  believe  that  this  very  dryness  is  a  source  of  danger  for 
the  manure. 

Composts  of  Night-soil. 

In  connection  with  the  subject  of  the  earth-closet,  it  needs  to  be 
said  that  some  of  the  best  of  the  agricultural  methods  of  treating 
night-soil  have  little  or  nothing  in  common  with  the  use  of  dry 
earth.  They  are  really  systems  of  composting  with  peat,  or  loam, 
or  sods.  Either  enough  peat  to  absorb  the  urine  is  occasionally 
shovelled  into  a  shallow  vault,  which  has  been  constnicted  so  as 
to  facilitate  the  addition  of  the  peat  and  the  removal  of  the  mix- 
ture, or  a  considerable  excess  of  peat  is  strewn  at  intervals  upon 
the  contents  of  an  ordinary  vault,  and,  as  often  as  occasion  may 
require,  the  mixture  is  hauled  out  and  thrown  up  into  compact 
heaps.  These  heaps  are  bottomed  with  peat,  and  loosely  covered 
with  it  also,  and  are  then  left  to  ferment. 

This  method  of  procedure,  there  is  small  need  to  remark,  differs 
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eBsentially  from  the  dry-earth  Bystem.  It  is  nothing  more  than  a 
particular  instance  of  the  ordinary  method  of  composting.  The 
excrement  serves  as  a  basis  for  fermentations  by  virtue  of  which 
the  inert  matters  in  the  peat  are  decomposed  and  converted  into 
new  compounds  fit  for  the  nourishment  of  plants.  Meanwhile, 
the  antiseptic  peat  hinders  for  a  time  the  dung  from  passing  into 
wasteful  forms  of  fermentation. 

It  is  worthy  of  remark  that,  in  the  country,  vaults  are  objec- 
tionable, unless  indeed  they  are  very  shallow.  Not  only  may 
they  readily  become  sources  of  disease,  but  the  process  of  clean- 
ing them  out  is  always  a  highly  disagreeable  task,  and  sometimes 
actually  dangerous.  Doubtless  a  large  part  of  the  prejudice  which 
exists  against  the  use  of  night-soil  is  to  be  credited  to  the  horrible 
stench  which  arose  from  the  old-fashioned  vaults  whenever  their 
contents  were  disturbed. 

Methods  of  Dealing  with  Night-aoiU 

One  way  of  handling  the  mixture  of  peat  and  night-soil  above 
mentioned  is  to  have  the  receptacle  consist  of  a  box  or  tub,  —  an 
old  cart-body,  for  example,  —  set  on  a  stoiie-boat  or  drag,  so  that 
it  may  be  hauled  into  the  field  without  ofTeuce,  and  there  be  cap- 
sized with  handspikes.  It  is  still  true  of  such  compost,  that  its 
odor  is  vile.  Hence  good  judgment  should  be  exercised  as  to  the 
times  at  which  to  move  it,  and  the  fields  upon  which  to  put  it.  In 
any  event,  it  is  well  to  plough  night-soil  or  blood  composts  under 
as  soon  as  may  be  convenient. 

Schmid,  in  Austria,  has  described  a  sensible  method  of  composting 
night-soil  in  cases  where  large  numbers  of  laborers  are  congregated. 
If  the  number  of  people  is  moderate,  the  excrements  may  be  made 
to  fall  into  petroleum  barrels  to  which  cleats  or  "  ears  "  have  been 
fastened,  through  which  poles  can  be  thrust  so  that  a  couple  of  men 
may  readily  lift  and  carry  away  the  barrels  ;  or  the  barrels  may  be 
hung  permanently  on  wheels,  so  that  they  can  be  rolled  away.  At 
frequent  intervals  —  sometimes  once  a  week,  at  other  times  every 
day  —  the  contents  of  the  barrels  are  thrown  into  a  pit  or  basin  and 
covered  with  a  thin  layer  of  crumbly  peat  or  of  peat-moss  ;  the  rule 
being  to  add  enough,  peat  that  moisture  shall  no  longer  be  seen  at  the 
surface  of  it.  An  automatic  arrangement  for  strewing  the  peat  thinly 
and  evenly  has  been  found  to  do  excellent  service. 

From  the  basin,  the  material  is  hauled  directly  to  the  fields,  and 
strewir^ere  at  once  with  forks  and  shovels,  or  from  a  manure- 
spreader.  Six  or  eight  wagon-loads  of  this  compost  are  held  to  be 
as  powerful  as  20  or  25  loads  of  good  farmyard-manure.  The  oftener 
the  compost  can  be  hauled  away  from  the  basin  the  better,  since  th^ 


376  AGRICULTURE. 

pressure  exerted  by  the  upper  layers  of  the  mixture  tends  to  super- 
saturate the  lower  layers  with  moisture. 

In  a  case  where  the  contents  of  a  pit  were  removed  at  the  end  of 
3  months,  the  lowest  layer  was  found  to  be  soft  and  foul-smelling, 
while  the  upper  third  of  the  heap  gave  off  but  little  odor,  and  was  in 
a  highly  satisfjictory  condition.  This  method  of  procedure  admits 
of  being  applied  in  the  case  even  of  thousands  of  workmen,  in  build- 
ings several  stories  high,  if  only  the  excrement  is  made  to  fall 
through  straight  pipes  into  iron  barrels  set  upon  wheels. 

Considerable  quantities  of  night-soil  are  still  hauled  out  from 
some  parts  of  Boston  to  be  used  as  manure,  most  of  it  being  in 
the  condition  of  a  thick,  muddy  liquor ;  though  some  fresh  solid 
dung  is  brought  out,  and  the  farmers  very  much  prefer  this  ma- 
terial to  the  liquid,  which  has  always  undergone  more  or  less  de- 
composition or  dilution. 

Forty  or  fifty  years  ago,  when  the  employment  of  night-soil  was 
more  common,  or  at  the  least  more  conspicuous,  than  it  is  now, 
the  plan  was  sometimes  adopted  of  allowing  the  liquid  to  run  out 
upon  the  land  to  be  cultivated,  where  it  soaked  into  the  soil,  and 
was  subsequently  worked  in  by  processes  of  ploughing  and  har- 
rowing. But  a  more  common  plan  was  to  prepare  a  compost  bed 
at  the  edge  of  the  field,  by  ploughing  up  a  patch  some  twenty  or 
thirty  feet  in  diameter  and  making  a  rim  of  earth  a  foot  or  so  high 
around  it.  The  night-soil  was  allowed  to  flow  into  and  fill  this 
basin,  where  much  of  it  soaked  into  the  earthen  floor  and  some 
part  of  the  water  evaporated.  Loam,  or  well- pulverized  peat  that 
had  been  exposed  to  the  air  for  a  year  or  two,  was  then  thrown 
upon  the  surface  of  the  mud,  together  with  plaster  of  Paris  in 
many  instances,  and  when  the  matter  was  dry  enough  to  handle, 
it  was  forked  over,  sometimes  twice,  as  a  preparation  for  its  dis- 
tribution upon  the  fields.  The  farmers  who  made  these  composts 
preferred  them  to  fresh  night-soil,  and  found  that  they  did  good 
service.  Probably  large  quantities  of  nitrates  were  contained  in 
the  finished  products.  The  use  of  plaster  in  this  case  seems  com- 
mendable. 

One  method  of  applying  night-soil,  in  use  in  Europe,  is  to  scoop 
out,  at  appropriate  distances  from  one  another  in  the  field  to  be 
manured,  a  number  of  shallow  holes  or  cups  two  or  three  feet  in 
diameter,  to  run  the  liquid  night-soil  into  these  holes,  and  to  throw 
it  from  them  upon  the  surface  of  the  land. 
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Real  Danger  of  Night-soil, 

It  was  thought  formerly  that  various  chemical  substances  preju- 
dicial to  health  are  liable  to  be  produced  by  the  decay  of  human 
excrements,  and  that  the  dangers  which  are  known  to  arise  from 
keeping  excrements  stored  in  vaults,  or  from  allowing  them  to  soak 
into  the  earth  around  dwelling-houses,  must  be  attributed  to  this 
cause.  Nowadays,  rather  less  importance  is  attached  to  this  old 
conception,  although  it  is  still  recognized  that  there  may  be  some- 
thing of  truth  in  it.  Perhaps  it  is  only  under  quite  exceptional 
conditions  that  any  serious  danger  to  health  can  arise  from  the 
chemical  products  of  decaying  night-soil. 

The  real  trouble  seems  to  be,  that  excrements  do  at  times  sei've 
as  the  home  and  breeding  place  of  certain  microscopic  organisms, 
one  or  another  of  which  may  cause  a  particular  disease,  —  such, 
for  example,  as  dysentei'y,  typhoid  fever,  cholera,  or  diphtheria. 
It  is  only  when  the  special  microdeme  which  occasions  one  of  these 
diseases  is  present  in  the  night-soil,  or  in  the  earth  or  water  into 
which  night-soil  has  soaked,  that  there  is  any  great  danger  in 
having  it  about.  Nevertheless,  it  may  often  happen  that  night- 
soil  will  contain  less  noxious,  though  still  hurtful  organisms,  such 
^as  might  occasion  diarrhoea,  or  cause  inflammation  to  set  in  upon 
any  trifling  cut,  or  scratch,  or  abrasion  of  the  skin,  with  which 
a  little  of  the  night-soil,  or  emanations  from  it,  may  have  come 
in  contact.  All  this  beside  the  depressing  effect  of  the  offensive 
odor,  which,  for  some  organizations,  might  be  suflScient  to  predis- 
pose the  system  to  disease.  (See  subsequent  chapters  for  Night- 
soil  and  Sewage.) 

It  is  to  be  noted  withal  that  special  dangers  may  lurk  in  other 
kinds  of  manures  beside  night-soil.  Thus  lock-jaw  (tetanus)  is 
now  thought  to  be  caused  by  a  microbe  which  may  come  to  us  in 
some  way  from  the  horse.  Several  instances  are  upon  record  in 
which  men  have  died  from  lock-jaw  after  having  been  wounded 
by  pieces  of  iron  which  had  been  soiled  with  horse-manure,  and 
even  when  straw  thus  soiled  was  rubbed  against  a  wound ;  and 
epidemics  of  lock-jaw  have  occuiTed  in  hospitals  in  which 
wounded  men  were  exposed  to  emanations  arising  from  heaps  of 
horse-manure. 
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CHAPTER  XXI. 

MODES    OF   APPLYING    MANURE. 

With  regard  to  the  methods  of  applying  manure  to  the  soil,  it 
is  extremely  difficult  to  lay  down  general  rules  applicable  for  all 
cases.  But  there  are  still  some  things  which  may  be  said.  It  la 
easy,  for  example,  to  object  to  a  system  which  prevails  somewhat 
in  the  vicinity  of  Boston  upon  gentlemen's  estates,  of  spreading 
farmyard-manure  upon  the  surface  of  lawns  in  late  autumn  or 
early  winter,  in  such  positions  that  some  part  of  the  goodness  of 
the  manure  must  be  washed  away  by  every  rain  that  falls  upon 
the  frozen  ground.- 

The  objection  here  is  simply  from  the  chemist's  point  of  view. 
It  may  be  possible,  perhaps,  that  the  custom  has  its  advantages, 
both  as  a  means  of  maintaining  a  thick  stand  of  grass  and  of 
saving  labor,  though  the  probabilities  are  that  it  has  been  im- 
ported from  a  mild  European  climate,  and  applied  here  thought- 
lessly. It  seems  but  reasonable  to  maintain  that  winter  top- 
dressing  should  be  restricted  to  level  fields,  for  both  rain  and 
melted  snow  may  sweep  manure  from  frozen  hillsides  before  its 
constituents  can  have  had  any  fair  chance  to  soak  into  the  earth. 
Spreading  Fresh  Manure. 

The  practice  of  carting  out  fresh  manure  from  the  barnyard  as 
fast  as  it  is  made,  and  spreading  it  directly  upon  the  fields,  even 
in  winter,  has  frequently  been  advocated  abroad,  and  has  been 
commended  by  several  good  farmers  even  in  New  England,  though 
it  may  be  doubted  if  they  were  hill  men.  The  chief  gain,  no 
doubt,  is  in  the  saving  of  labor.  Indeed,  it  can  well  happen  that 
the  farmer  may  find  so  much  advantage  in  having  his  teams  and 
men  haul  out  and  spread  manure  at  an  idle  season,  in  order  that 
they  may  be  free  for  other  work  when  it  presses,  that  he  can  afford 
to  put  up  with  considerable  losses  of  manure  in  the  field,  no  matter 
whether  they  be  caused  by  sweeping  rains  or  by  hurtful  fermenta- 
tions. It  must  be  remembered  withal,  that  the  manure  would 
have  probably  suffered  some  loss  anyway,  even  if  it  had  been  left 
in  the  barnyard. 

The  spreading  of  short  manure  upon  grass  early  in  the  autumn 
or  even  very  early  in  the  spring,  is  no  doubt  commendable  in 
many  situations,  as  a  means  of  maintaining  the  field  in  good  case ; 
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and,  as  has  already  been  insisted,  the  surface  spreading  of  ma- 
nure in  temperate  climates,  like  that  of  England,  may  be  really 
advantageous,  even  in  winter,  since  the  unfrozen  ground  absorbs 
much  of  the  goodness  of  the  manure.  Chemists  are  prone  to  be- 
lieve that  the  formation  of  nitrates  from  the  nitrogen-compounds 
of  the  manure  will  be  promoted  by  surface  spreading,  and  that 
these  substances  may  remain  inert  and  unacted  upon  when  buried 
in  a  soil  of  close  texture. 

One  objection  to  the  system  of  surface  spreading,  true  especially 
of  light,  leachy  soils,  is  that  the  non-soluble  portions  of  the  ma- 
nure, as  they  lie  upon  the  surface  of  the  ground,  are  liable  to  dry 
out  to  a  peat-like  substance,  which  probably  exei-ts  very  little,  if 
any,  useful  effect  upon  the  growth  of  crops.  It  has  been  noticed 
on  the  Continent  of  Europe  that  farmyard-manure  may  be  applied 
in  the  spring  to  help  forward  a  grain-crop  which  has  suffered  from 
the  winter's  cold,  provided  the  grain  has  been  sown  in  drills  so 
that  the  cultivator  can  be  used  to  put  a  light  covering  of  earth 
upon  the  manure.  Otherwise  there  would  be  a  risk  of  the  manure's 
being  dried  out  by  sun  and  wind  to  such  an  extent  that  the  crop 
might  not  be  benefited  by  it  in  the  least. 

Best  Depth  to  bury  Manure. 

It  seems  plain  that,  as  a  general  rule,  manure  should  be  buried 
to  such  a  depth  that  it  may  be  kept  damp  by  the  capillary  and 
hygroscopic  moisture  of  the  soil;  while,  at  the  same  time,  no  very 
large  proportion  of  the  manure  should  be  buried  so  deeply  that 
air  cannot  gain  access  to  it.  Both  these  considerations  naturally 
point  to  the  conclusion  that  it  will  usually  be  proper  to  bury  ma- 
nure deeper  on  light  land  than  on  heavy  land,  though  the  depth 
will  necessarily  vary  in  different  instances,  according  to  the  cli- 
mate and  the  relation  of  the  soil  to  the  ground-water.  It  might 
well  be  modified  accordingly  as  the  season  was  to  be  wet  or  dry, 
if  the  event  could  but  be  predicted.  It  may  often  happen  that  a 
summer  shower  will  moisten  the  surface  soil  sufficiently  to  thor- 
oughly soak  the  manure  there  situated,  while  only  the  heavy  rains 
of  autumn  or  spring  might  reach  manure  that  had  been  deeply 
buried. 

As  for  the  lower  soil,  it  is  of  course  important,  if  the  tilth  is 
good,  that  there  should  be  in  it  an  abundant  store  of  plant- food ; 
but  it  is  probable  that  in  most  instances  this  deep-lying  food  had 
better  consist  of  inorganic  matters  that  have  been  fixed  or  ab- 
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sorbed  by  the  earth,  or  of  nitrates  that  have  soaked  downward, 
rather  than  be  in  the  form  of  barnyard-manure.  To  gain  this  end 
it  would  seem  to  be  good  policy  to  turn  under  a  soil  which  has 
borne  heavy  crops  since  it  was  manured  and  to  manure  afresh  the 
soU,  formerly  buried,  which  has  been  brought  to  the  surface  by 
this  operation,  rather  than  try  to  bury  fresh  manure  deeply  at  the 
start. 

The  importance  of  a  store  of  deep-lying  plant-food  to  serve  as 
a  safeguard  in  times  of  drought  has  been  well  shown  by  some 
experiments  of  Lawes  and  Gilbert  on  top-dressing  hay-fields.  In 
a  year  (1870)  which  was  characterized  by  a  teim  of  drought 
which  began  at  a  time  when  vegetation  usually  becomes  active 
and  lasted  with  little  intermission  until  autumn,  it  was  observed 
that  grass  which  had  long  been  manured  with  a  mixture  of  ni- 
trate of  soda  and  mineral  fertilizers  gave  excellent  crops  of  hay, 
while  contiguous  plots  —  even  those  liberally  dressed  with  stable- 
manure  from  London  —  yielded  so  little  grass  that  they  were 
hardlj  worth  mowing.  The  significance  of  the  nitrate  will  be  seen 
on  glancing  at  the  following  table  in  which  are  given  the  numbers 
of  cwt.  of  hay  harvested  from  the  acre  of  land  in  three  selected 
instances : — 

Cwt  hay  crop  per         Deficiency  in 

Kind  of  Mannre.  in  1870.  year  from         1870.    Cwt. 

1866  to  1870. 

No  manure 6.75  22.75  17.00 

Mixture  of  mineral  fertilizers  and 

ammonia  salts 29.50  52.38  22.88 

Mixture  of  mineral  fertilizers  and 

nitrate  of  soda 56.25  57.63  1.38 

On  the  un  manured  plot,  the  drought  of  1870  reduced  the  crop 
of  hay  to  about  one  quarter  of  the  average  yield ;  the  product  this 
year  was  less  than  had  been  harvested  in  any  preceding  year  of 
the  fifteen. 

On  the  plot  manured  with  mineral  fertilizers  and  ammonium 
salts  —  the  ammonia  of  which  tends  to  become  fixed  in  the  surface 
soil — a  considerable  crop  of  hay  was  harvested  in  spite  of  the 
drought,  though  the  yield  was  much  less  than  in  ordinary  years. 

But  on  the  plot  dressed  with  nitrate  of  soda  and  minerals,  a 
heavy  crop  of  hay  was  obtained  and  the  grass  evidently  suffered 
but  little  from  the  long  continued  dry  weather.  Thanks  to  the 
easy  diffusibility  of  the  nitrate  of  soda,  this  fertilizer  had  pene« 
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trated  deeply  into  the  Boil  during  all  the  years  of  the  experiment, 
and  graes-roolB  had  followed  it  to  such  an  extent  that  when 
drought  set  in  these  roots  were  far  better  able  to  obtain  water 
than  the  finer  and  much  less  vigorous  roots  in  the  unmanured 
land. 

Even  on  the  plot  dressed  with  mineral  fertilizers  and  ammonia 
salts  where  —  thanks  to  the  abundance  of  plant-food  —  free-grow- 
ing grasses  predominated,  the  habit  of  growth  of  the  roots  was 
such  that  the  plants  were  in  great  measure  dependent  for  their 
supplies  of  food  and  moisture  on  what  could  be  found  in  the  upper 
layers  of  soil. 

It  is  true  of  course  that  different  kinds  of  grasses  grew  on  the 
different  experimental  plots,  according  as  the  manures  differed. 
It  was  observed,  for  example,  that  while  the  grasses  most  encour- 
aged by  ammonia  salts  have  a  tufty  habit  of  growth  above  ground 
and  a  tendency  to  luxuriate  within  a  limited  range  beneath  the 
surface,  some  of  those  most  favored  by  nitrate  of  soda  grow  close 
IjOgether  and  send  down  strong  wiry  roots  far  into  the  subsoil. 

But  the  fact  remains  none  the  less  that  the  store  of  deep-lying 
manure  was  of  enormous  advantage  in  enabling  the  grass  to  with- 
stand the  drought.  It  was  found,  in  fact,  on  determining  the 
amounts  of  moisture  contained  in  the  soils  of  the  several  plots, 
that  the  grass  on  the  nitrated  field  had  really  obtained  large  quan- 
tities of  water  from  the  clayey  subsoil.  It  was  made  manifest 
that  this  grass  had  pumped  out  the  land  drier  and  to  a  greater 
depth  than  could  be  accomplished  by  the  herbage  of  either  of  the 
other  plots.  That  is  to  say,  the  nitrated  grass  was  able  to  find 
water  and  to  use  it  with  advantage  at  a  time  of  direst  need. 

These  experiments  enforce,  furthermore,  the  lesson  that  for 
almost  every  kind  of  crop  there  must  be  some  one  depth  of  bury- 
ing the  manure  which  will  be  better  suited,  on  the  whole,  than  any 
other  for  that  special  crop;  for  the  roots  of  different  kinds  of 
plants  are  very  unlike,  both  as  regards  their  bulk  or  quantity,  and 
their  behavior  or  requirements.  Most  of  the  grains,  for  instance, 
send  out  feeding  roots  in  all  directions,  and  so  do  the  different 
kinds  of  clover.  With  carrots  and  parsnips,  or  lucern,  for  ex- 
ample, there  will  be  little  risk  of  burying  manure  too  deeply. 

It  would  be  well  for  every  farmer  to  determine  some  of  these 
points  once  for  all  for  his  own  soil,  by  dividing  the  fields  into 
fractions,  and  burying  portions  of  the  manure  at  different  depths 
upon  the  several  fractions. 
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Experiments  on  burying  Manure, 

There  is  an  interesting  series  of  experiments  bearing  upon  this 
point,  which  were  made  under  the  auspices  of  the  Massachusetts 
Society  for  Promoting  Agriculture,  many  years  ago.  The  idea 
was  to  divide  a  field  into  five  equal  parts  for  a  rotation  of  three 
years.     Four  of  the  plots  were  manured,  but  the  fifth  was  not. 

The  manure  on  the  first  plot  was  ploughed  in  to  a  depth  of  eight 
inches ;  that  on  the  second  plot  to  a  depth  of  four  inches ;  and  that 
on  the  third  plot  was  merely  harrowed  in,  while  upon  the  fourth 
plot  the  manure  was  spread  upon  the  surface  of  the  ground.  The 
results  of  the  experiments  have  been  published,  and  are  well  wor- 
thy of  being  carefully  studied,  though  they  teach  no  precise  lesson. 
Doubtless  each  one  of  these  experiments  —  and  they  were  made 
by  different  farmers  scattered  throughout  the  State  —  must  have 
been  exceedingly  valuable  to  the  person  on  whose  land  it  was 
made,  as  well  as  to  those  neighbors  who  happened  to  have  land 
similarly  situated. 

In  these  experiments  it  appears  that,  in  general,  deep  ploughing 
(8  inches)  answered  best  for  grain,  while  Indian  com  profited 
most  from  the  manure  that  was  merely  harrowed  in.  Hay  did 
best  with  manure  buried  four  inches ;  and,  on  the  whole,  so  far, 
be  it  well  understood,  as  these  experiments  go,  this  depth  of  four 
inches  would  seem  to  be  the  best,  in  case  the  farmer  were  to  be 
compelled  to  confine  himself  to  any  one  depth  for  all  crops  and 
soils.  Next  to  4  inches,  the  depth  obtainable  by  han-owing  was 
found  to  be  best  on  the  whole ;  and  it  is  to  be  remarked  that  this 
result  tends  to  support  the  practice  of  those  farmers  who  prefer  to 
wait  until  their  land  has  been  ploughed  and  then  to  apply  the 
manure  and  harrow  it  in  thoroughly,  instead  of  plowing  under  the 
manure  at  first.  In  the  column  of  final  averages,  very  little  can 
be  found  in  favor  either  of  deep  ploughing  or  of  top-dressing. 
Even  with  guano,  top-dressing  has  been  found  inferior  to  plough- 
ing under. 

It  is  noteworthy  in  these  experiments  that  the  character  of  the 
crop  seems  to  have  had  far  more  influence  upon  the  results  than 
the  character  of  the  soil.  For  grain,  however,  the  deep-buried 
manure  did  best,  upon  th^  whole,  on  the  heavy  soils ;  while  upon 
the  light  soils  the  shallow- buried  manure  did  better  than  the  deeply 
buried.  Manifestly,  the  results  are  complicated  by  the  question 
whether  the  ploughing  may  not  have  done  good  in  itself.     In  a 
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few  instances,  the  manure  which  was  spread  upon  the  surface  of 
the  light  soil  did  best  of  all. 

In  judging  of  any  such  experiments  as  these,  the  operator  .will 
need  to  view  the  field  with  knowledge.  That  is  to  say,  knowledge 
as  to  the  position  of  the  ground-water  and  as  to  the  capillary  con- 
dition of  the  soil,  as  well  as  of  its  power  of  holding  rain-water. 
He  will  naturally  notice  also  the  chemical  character  of  the  humus, 
and  whether  or  not  the  conditions  are  favorable  for  nitrification. 
Manure  should  be  well  worked  in. 

No  matter  at  what  depth  manure  is  to  be  buried,  it  is  of  impor- 
tance to  secure  an  equable  distribution  and  dissemination  of  it  in 
the  soil  in  order  that  all  the  plants  in  the  field  may  be  equally  well 
fed  and  an  even  stand  of  the  crop  secured.  Moreover,  it  is  a 
matter  of  familiar  observation,  that,  when  a  lump  of  manure  of 
any  considerable  size  is  buried  in  the  earth,  it  is  apt  to  remain 
undecomposed  for  a  long  while,  and  to  be  found  as  a  lump  per- 
haps even  years  afterward.  It  is  to  avoid  this  result  that  farmers 
take  so  much  trouble  to  fork  over  manure  repeatedly,  and  to  use 
it  whenever  possible  in  a  well-rotted,  '*  short"  condition.  Various 
improved  harrows,  of  recent  invention,  are  valuable  aids  for  work- 
ing manure  into  the  soil  evenly  and  effectively.  One  way  of  help- 
ing to  admix  manure  with  the  soil  is  to  haul  out  and  spread  the 
manure  roughly  upon  sod-land  in  the  winter  and  early  spring,  and 
to  pulverize  the  clots  of  manure,  just  before  ploughing,  by  going 
over  the  land  with  a  bush-harrow. 

Much  might  be  said  in  favor  of  ploughing  in  manure  in  the 
autumn  as  a  preparation  for  the  next  year's  crops.  On  light,  thirsty 
lands,  this  course  obviates  the  necessity  of  losing  moisture  by 
stirring  the  soil  unduly  in  the  spring ;  and  on  clays  it  is  generally 
admitted  that  ploughing  and  manui^ing  in  the  autumn  are  benefi- 
cial for  the  tilth  of  the  land,  to  say  nothing  of  avoiding  the  tramp- 
ling and  pressure  which  would  occur  if  manure  were  hauled  upon 
the  land  and  distributed  in  the  spring.  Moreover,  the  fertilizing 
materials  have  opportunity  to  become  pretty  thoroughly  incor- 
porated with  the  soil,  and  the  spring  work  is  lightened.  This 
method  is  often  practised  in  England  in  preparing  land  for  root- 
orops,  and  it  has  been  urged  as  one  of  its  advantages  that  the 
manure  is  kept  out  of  the  way  both  of  the  seeds  and  of  the  roots. 
Mangolds,  for  example,  are  apt  to  be  injured  in  shape  and  in 
value  from  the  bulbs  coming  in  contact  with  the  straw  and  clots 
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of  manure  that  has  only  recently  been  ploughed  under.  One  good 
rule  with  regard  to  the  burying  of  manure  is,  that  the  aim  should 
be  always  to  fill  the  staple  with  plant-food. 

The  following  table  contains  the  results  of  Deh6rain*s  experi- 
ments on  growing  fodder-corn  (maize)  on  a  light,  somewhat  cal- 
careous soil,  on  one  part  of  which  farmyard-manure  had  been 
buried,  while  on  another  part  the  manure  had  been  spread  upon 
the  surface  of  the  land :  — 

Kiloi.  of  crop  harTMfted. 
40,000  kilos,  of  nuamre.  1878.  UT9. 

Buried 78,000  87,000 

Spread 71,600  68,000 

A  somewhat  similar  result  was  obtained  in  experiments  on  pota- 
toes, though  the  differences  were  in  this  case  much  less  strongly 
marked.  It  was  found,  too,  that  the  unexpended  residues  of  the 
buried  manure  gave  a  much  better  crop  of  wheat  the  next  year 
(and  of  sainfoin,  also)  than  did  those  left  by  the  top-dressing. 
Manure  may  ferment  the  SoU. 

Beside  the  main  points  of  placing  the  manure  where  it  can  be  got 
at  by  the  roots  of  plants,  and  kept  moist  for  their  sake,  there  are 
some  other  considerations  of  a  chemical  nature  which  bear  upon  the 
question  of  burying  manure.  Doubtless  it  often  happens  that 
farmyard-manure,  and  other  substances  rich  in  organic  matter,  may 
do  good  work  by  bringing  about  quick  fermentation  in  the  matters 
of  which  the  soil  is  composed,  whereby  the  inert  nitrogen  of  the 
humus,  as  well  as  various  inorganic  substances,  are  decomposed 
and  made  available  for  the  plant.  But  in  order  to  effect  this  kind  of 
fermentation,  the  manure  must  at  the  least  be  covered  by  the  soil. 
Upon  light  land,  in  a  dry  season,  the  manure  would  have  to  be 
buried  tolerably  deep,  in  order  that  it  shall  not  dry  up  and  be 
powerless  to  induce  the  fermentations  now  in  question.  Here,  by 
the  way,  is  a  capital  distinction  to  be  made  between  manure, 
properly  so  called,  and  compost.  Composts  can  hardly  be  ex- 
pected to  excite  active  putrefactive  fermentation  in  the  soil,  such 
as  dung  would  excite. 

It  is  to  be  presumed  that  the  first  fermentation  which  occurs 
when  fresh  manure  is  buried  in  the  soil  will  be  ammoniacal.  Mar- 
chal  has  discovered,  in  fact,  that  ammonia  is  produced  in  a  solution 
of  albumen  by  the  action  of  several  of  the  micro-organisms  which 
occur  in  ordinary  soils.     Even  yeasts  and  moulds,  acting  upon 
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albumen  or  the  like,  can  produce  ammonia.  Muntz  and  Condon 
mixed  seyeral  kinds  of  soils  with  dried  blood,  and,  after  having 
sterilized  the  mixtures  at  248*^  F.,  they  '^  seeded"  some  samples 
with  unsterilized  loam,  while  other  specimens  were  left  unseeded. 
All  the  mixtures  were  then  moistened  with  water  and  were  left  at 
rest,  shielded  from  the  air  during  several  months.  After  the  lapse 
of  67  days,  there  was  found  in  100  parts  of  a  '^  seeded  " 

Calcareous  soil  from  Champagne  .    .    .    0.111  part  of  ammonia. 

Garden-loam 0.059    *«    "         " 

Moor-earth '  0.041    "    "         " 

while  no  ammonia  formed  in  the  unseeded  sterilized  samples,  not 
even  in  the  course  of  2.5  years. 

On  the  other  hand,  the  formation  of  nitrates  from  the  nitroge- 
nous components  of  the  manure  and  the  soil  is  a  very  important 
consideration,  and  it  is  precisely  here  that  the  composts  are  more 
likely  to  do  good  than  the  dungs.  It  was  customary,  formerly, 
whenever  a  new  saltpetre-bed  was  established,  to  bring  some  earth 
from  an  old  bed  and  mix  it  with  the  new  materials.  This  old  earth 
was  called  the  "  seed-petre  "  or  "  mother  of  petre,"  and  was,  as  we 
now  know,  charged  with  the  nitrifying  ferments.  But,  in  a  pre- 
cisely similar  sense,  a  well-prepared  compost  may  be  regarded  as 
a  nest  of  ferment  organisms  proper  to  cause  nitrification  of  the 
humus  of  the  field.  The  idea  is,  that,  as  regards  nitrification,  the 
compost  is  likely  to  act  more  quickly  than  fresh  dung;  though 
the  dung  might  of  course  favor  nitrification  after  its  first  hot  fer- 
mentation is  spent. 

As  was  just  now  said,  Dietzell  has  observed  that  considerable 
amounts  of  free  nitrogen  may  be  lost  from  manure  after  it  has 
been  incorporated  with  the  soil,  in  consequence  of  the  formation 
of  nitrites  by  way  of  fermentation.  He  urges  that  this  waste  of 
nitrogen  may  be  checked  by  applying,  together  with  the  manure,  a 
quantity  of  superphosphate  or  of  precipitated  phosphate  of  lime ; 
or  better,  by  putting  one  or  the  other  of  these  materials  upon  the 
dung-heap,  during  its  formation,  at  the  rate  of  one  pound  of  phos- 
phoric acid  to  800  lb.  of  the  dung.  It  was  shown  long  ago,  by 
Voelcker's  observations  on  the  composition  of  waters  discharged 
from  fields  through  tile-drains,  that  nitrates  are  gradually  and  con- 
stantly formed  from  the  slow  decomposition  of  farmyard-manure 
in  the  soil,  i.  e.  through  the  oxidation  of  the  nitrogenous  constit- 
uents of  the  manure. 
VOL.  II— as. 
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Leachy  Soils, 

It  is  to  be  preBomed  that  the  popular  opinion  that  manure  should 
not  be  buried  deeply  in  light  soils  is  true,  because  of  the  property 
of  such  soils  to  facilitate  the  formation  of  nitrates  from  the  manure 
applied  to  them.  It  is  hardly  to  be  believed  that  such  soils  are 
called  ''  leachy  "  because  of  an  idea  that  the  ordinary  soluble  con- 
stituents of  manure  can  be  washed  out  of  them  by  rain,  for  the 
pjwer  of  the  double  silicates  in  the  soil  to  hold  these  constituents 
of  manure  is  very  great.  But  within  these  porous  soils  nitrates 
are  doubtless  formed  rather  freely,  and,  as  is  well  known,  the  ni- 
trates are  easily  washed  out  from  soils,  and  are  liable  to  go  to  waste 
after  every  rain  that  is  long  continued.  They  are,  in  fact,  leached 
out  of  the  soil,  and  the  manure  from  which  they  come  rapidly 
wastes  away.  It  is  said  to  be  a  matter  of  old  and  familiar  obsen-a- 
tion  in  Germany,  that  in  sandy  regions,  in  seasons  that  are  par- 
ticularly wet,  the  soil  may  finally  be  leached  so  thoroughly  that  it 
becomes  unfruitful.  Under  these  conditions,  tobacco,  in  particu- 
lar, according  to  v.  Babo  and  Nessler,  is  seen  sometimes  to  suffer 
from  actual  starvation. 

On  the  other  hand,  it  is  possible  that  one  reason  why  manure 
had  better  be  kept  near  the  surface  of  light  land  is  that  nitrates  are 
formed  more  readily  in  that  position  than  at  a  greater  depth ;  as, 
for  example,  in  the  case  of  the  manure  that  was  harrowed  in  for 
corn  in  the  experiments  of  the  Massachusetts  Society  above  men- 
tioned. Practical  men  maintain,  as  a  general  rule,  that  manure  has 
but  little  endurance  on  light  soils,  especially  on  those  which  are 
calcareous.  They  find  that  the  fertilizing  effect  of  it  soon  ceases 
to  be  manifest  unless  the  dressings  are  frequently  renewed. 
CompoBting  the  Field  itself. 

Just  as  in  the  preparation  of  compost-heaps,  so  in  the  burying 
of  dung  there  are  two  tolerably  distinct  conceptions  to  be  kept  in 
view.  Beside  nitrification,  there  needs  to  be  considered  the  prece- 
dent fermentation  of  the  humus  of  the  soil,  which,  under  farming 
conditions,  may  be  produced  when  dung  is  incorporated  with  the 
loam  of  a  field  aloKMit  as  readily  as  when  it  is  mixed  with  similar 
humus  in  the  compost-heap.  It  may  often  happen  that  this  first 
fermentation  may  be  produced  much  more  economically  by  plough- 
ing under  dung  in  the  field  than  by  establishing  regular  compost- 
heaps.  In  seeking  to  accomplish  this  kind  of  result,  the  farmer 
may  either  plough  under  fresh  farmyard-manure,  or  he  may  top- 
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dress  his  grass  or  fallow-land  with  almost  any  kind  of  fertilizer 
some  time  before  he  means  to  plough,  in  order  to  encourage  a  rank 
growth  of  grass  or  weeds,  which,  on  being  turned  nnder,  will  speed* 
Uj  ferment. 

Heai  ofFsrmeniing  Manure. 

It  is  the  market-gardeners  in  particular  who  esteem  heayy  dress- 
ings of  horse-manure  on  land  moist  enough  to  be  well  insured 
against  risks  from  drought.  They  find  their  advantage,  also,  in 
early  spring,  in  making  use  of  the  warmth  which  fermenting  horse- 
manure  communicates  to  land  upon  which  early  regetables  are  to 
be  grown.  This  point  lias  been  studied  by  Wagner.  He  found, 
when  the  temperature  of  the  air  was  no  lower  than  50*^.,  that  the 
temperature  of  the  soil  could  be  increased  to  an  appreciable  degree 
by  working  into  it  stable-manure.  The  warming  is  specially  well 
marked  when  the  manure  is  highly  nitrogenous,  and  in  a  condition 
fit  for  rapid  fermentation,  when  large  amounts  of  it  are  used,  and 
when  the  soil  is  not  too  wet.  An  addition  of  materials  competent 
to  hasten  fermentation,  such  as  barnyard-liquor  for  example,  nota- 
bly increasec  the  deration  of  temperature.  So  does  an  addition  of 
lime,  though  much  less  emphatically.  Host  heat  is  developed  im- 
mediately after  the  manure  has  been  buried,  though  the  evolution 
of  heat  may  persist  for  some  time  when  the  external  conditions 
are  favorable.  Thus,  on  land  dressed  with  from  40  to  44  tons  of 
horse-manure  to  the  acre,  warmth  may  be  imparted  to  the  soil  dur- 
ing periods  of  from  4  to  12  weeks  (or  more),  and  the  increase  of 
temperature  may  range  from  an  amount  which  is  barely  perceptible 
to  as  much  as  1^  of  Fahrenheit's  thermometer.  On  the  average,  it 
amounted  to  from  0.2''  to  O.?'",  in  these  experiments.  The  best 
mean  increase  of  temperature  for  a  fortnight  was  V,  The  max- 
ima of  increase  observed  by  Wagner,  as  imparted  to  the  soil  by 
bean-straw  (wet  with  barnyard- liquor?)  and  fresh  horse-manure 
respectively,  were  5°  and  2°.  As  everybody  knows,  the  heat  of 
fermenting  horse-manure  has  been  utilised  by  gardeners  from  time 
immemorial  for  starting  hot-beds  in  frames  and  greenhouses. 

Muntz  and  Girard  have  noticed,  during  the  first  few  days  of  fer- 
mentation, that  heaps  of  horse-manure  may  get  hot  enough  to 
maik  176°  F.,  and  that  they  may  remain  for  a  long  while  as  hot 
as  ISS"*  F.  Cases  are  upon  record,  indeed,  in  which  heaps  of 
horse-manure  have  spontaneously  burst  into  flame.  Georgeson,  at 
Tokio,  sunk  in  a  field  a  number  of  bottomless  frames,  of  equal 
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size  and  each  one  foot  deep,  so  that  their  rims  were  level  with  the 
surface  of  the  soil.  He  filled  these  frames  with  the  light,  porous, 
volcanic,  ash-like  soil  of  the  locality,  which  contains  natm-ally  7  or 
8  ^  of  humus,  and  he  incorporated  with  the  earth  various  quanti- 
ties of  partially  decayed  manure  that  was  still  rather  long.  A 
thermometer  was  buried  in  each  of  the  mixtures,  5  inches  deep, 
and  all  of  them* were  left  exposed  to  sunshine  and  rain  in  the  open 
field.  The  thermometers  were  observed  from  Oct.  27  to  Nov.  22, 
1886,  and  the  averages  of  the  readings  divided  into  five-day  pe- 
riods are  given  in  the  following  table :  — 

80  40  20  10  No 

M«nared  «t  rate  per  acre  of  Tons.  Tons.  Tons.  Tons.  Manure. 

Temp,  of  Ut  Period  (Ofet.  27  to  31)    .    96.1°  C^l^  68.8°  62.5^  OO.O*' 

Exeess  of  temp.  OTer  no  manoxe   .    .    4.6  2..6  3.3  2.0  ... 

Temp,  of  2d  Period  (Not.  1  to  5)  .    .    62.2  61.3  60.2  60.5  583 

Excess  OTer  no  manure \ .     3.7  2.8  1.7  1.0 

Temp,  of  3d  Period  (Not.  6  to  10)  .    .    60.4  60.3  68.4  57.8  57.2 

I  OTer  no  manure 3.2  2.1  1.2  0.6  • . . 


Temp.of  4thPeriod(NoT.  lltolS)  .    66.8  66.2  55.3  518  54.7 

Excess  OTer  no  manure 2.1  1.5  0.6  0.1  ... 

Temp,  of  5th  Period  (Not.  16  to  22)  .    52.5  51.6  60.1  49.8  60.8 

Excess  OTer  no  manure 1.7  0.8         —0.7  —1.0  ... 

The  temperatures  diminished  so  regularly  in  proportion  as  the 
earths  contained  less  dung  that  it  seemed  manifest  that,  if  it  were 
but  possible  to  control  precisely  all  the  conditions  of  the  experi- 
ment, the  amount  of  heat  received  by  the  soil  would  be  in  direct 
proportion  to  the  amount  of  manure  applied.  The  explanation  of 
the  minus  quantities  given  in  the  table  is  that,  when  the  manure 
had  been  converted  to  humus,  the  capacity  of  the  soil  to  hold 
water  was  increased,  and  evaporation  from  the  soil  became  larger 
and  more  constant,  so  that  the  soil  became  cooler  than  the  di'ier, 
unmauured  soil. 

The  fact  was  remarked  upon  long  ago,  by  European  farmers, 
when  sheep  were  folded  upon  meadows  in  late  autumn  and  early 
winter,  that  the  grass  continued  to  grow  green  and  vigorous  in 
spite  of  the  advent  of  weather  cold  enough  to  kill  all  the  grass  on 
neighboring  fields.  Where  the  sheep  had  been  folded,  the  grass 
looked  as  if  water  from  a  spring  had  flowed  upon  the  land.  So, 
too,  on  mountain  pastures,  above  the  tree  limit,  luxuriant  patches 
of  grass  continue  to  grow  until  the  advent  of  very  cold  weather, 
on  the  spots  where  cows  were  milked  during  the  summer. 

Of  course  the  condition  of  the  land  must  be  favorable  both  for 
the  fermentation  and  for  the  growth  of  plants.   As  TuU  remarked : 
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"  The  action  of  the  dung's  ferment  affords  a  warmth  to  the  infant 
plants  in  their  most  tender  state  and  the  most  rigorous  season. 
But  though  dung,  in  fermenting,  may  have  a  little  warmth,  yet  it 
may  sometimes,  by  letting  more  water  enter  its  hoUowness,  be  in  a 
frost  much  colder  than  undunged  pulverized  earth." 
Modes  of  applying  Artificial  Fertilizers, 

What  has  been  said  above,  refers,  of  course,  mainly  to  the  bury- 
ing of  farmyard-manure.  In  respect  to  the  artificial  fertilizers,  it 
can  be  said  tolerably  well  beforehand  what  needs  to  be  done  in  order 
to  secure  their  proper  diffusion  and  distribution  in  the  soil.  For  ex- 
ample, nitrate  of  soda  may  be  simply  scattered  on  the  surface  of  the 
land,  for  it  will  readily  dissolve  there  and  soak  into  the  soil.  Sulphate 
of  ammonia,  bone-meal,  oil-cake  and  fish-scrap  need  to  be  buried 
tolerably  deeply,  in  not  too  dry  earth,  that  they  may  nitrify  readily. 
Bone-ash,  bone-black  and  pbosphatic  guano  need  to  be  buried 
pretty  deeply,  and  to  be  commingled  with  the  soil.  With  them,  as 
with  potash  salts,  it  would  be  well,  were  it  not  for  the  trouble  in- 
volved, to  apply  one  portion  of  the  dressing  before  ploughing  the 
land,  another  before  cross-ploughing  it,  and  another  before  har- 
rowing, to  insure  thorough  distribution.  Even  as  regards  guano 
and  superphosphate  of  lime,  it  has  been  found  best  to  work  them 
into  the  soil  as  thoroughly  as  may  be  practicable,  by  mechanical 
means. 

Merit  of  thorough  Dissemination. 

In  experiments  made  by  Funke,  a  mixture  of  high-grade  super- 
phosphate of  lime  and  sulphate  of  potash  was  spread  upon  the 
surface  of  one  part  of  a  field  of  moderately  deep  loamy  clay,  while 
upon  another  part  of  the  field  these  fertilizers  were  plowed  under 
at  a  depth  of  rather  more  than  8  inches.  The  land  was  naturally 
well  adapted  to  clover,  though  it  stood  in  need  of  being  re-seeded ; 
it  was  ploughed  and  fertilized  in  the  autumn,  and  left  lying  in 
rough  furrows  until  the  next  spring,  when  clover  was  sown  upon 
it.  A  third  part  of  the  field  received  neither  of  the  above-men- 
tioned fertilizers  ;  but  strips  of  land  running  across  the  field  were 
dressed  respectively  with  common  salt,  nitrate  of  soda  and  gyp- 
sum, in  the  hope  that  one  or  the  other  of  these  substances  might 
perhaps  serve  the  purpose  of  dissolving  and  distributing  the  phos- 
phate and  the  potash.  It  appeared  that  the  lightly  buried  manure 
served  best  to  start  the  young  clover,  and  that  during  the  first  year 
a  better  crop  was  got  from  this  part  of  the  field  than  from  the 


390  AGRICULTUBB. 

other.  The  very  first  cutting  of  doY^,  in  particular,  was  decidedly 
better  on  the  land  where  the  fertUizers  had  been  simply  strewn. 
But  in  the  second  year  a  very  different  result  was  obtained,  and  it 
then  appeared  that  much  the  best  crop  grew  upon  that  part  of  the 
field  where  the  fertilizers  had  been  ploughed  under. 

It  may  be  said,  indeed,  that,  generally  speaking,  it  has  been 
found  to  be  advantageous  on  rich  land  to  bury  rather  deeply  even 
the  soluble  artificial  fertilizers,  especially  in  cases  where  they  are 
used  to  force  heavy  crops.  That  is  to  say,  the  absorptive  power 
of  some  soils  is  so  great,  and  the  advantages  of  thorough  dissemi- 
nation are  so  real,  that  the  utmost  pains  should  be  taken  to  secure 
the  best  possible  distribution  in  the  soil  of  all  kinds  of  fertilizers. 
Petermann  has  shown,  by  numerous  trials  made  in  a  good,  sandy, 
clay  loam,  that  for  beet-roots  it  is  best  to  bury  deeply,  and  to  thor- 
oughly incorporate  with  the  soil  even  sulphate  of  ammonia  and 
nitrate  of  soda.  He  found  that  the  largest  crops  were  obtained 
when  these  (and  other)  fertilizers  were  spaded  into  the  soU. 
Smaller  crops  were  harvested  in  the  cases  where  the  fertilizers 
were  raked  in,  or  harrowed  in,  or  hoed  in.  He  noticed,  also,  that 
when  the  fertilizers  were  drilled  in  with  the  seeds  they  hindered  the 
germination  of  the  seeds.  In  the  absence  of  rain,  he  says,  and  at 
a  time  of  drying  winds,  this  retardation  might  seriously  injure  the 
crop.  But,  even  with  the  best  of  weather,  the  beet-seeds  drilled 
in  with  the  fertilizers  did  not  give  so  good  crops  as  were  got  from 
seeds  that  were  drilled  in  after  the  fertilizers  had  been  buried. 

A  synopsis  of  Petermann*s  results  is  given  in  the  following  ta- 
bles. The  expenments  of  1881  were  upon  garden  plots  of  23 
square  metres,  which  had  all  been  spaded  in  April.  The  manured 
plots  were  dressed,  at  the  rate  of  880  lb.  to  the  acre,  with  a  mix- 
ture of  nitrate  of  soda,  chloride  of  potassium,  and  precipitated  di- 
phosphate of  lime.  That  is  to  say,  each  plot  received  2,300  grm. 
of  the  fertilizer,  which  contained  3.69  %  of  nitr<^en,  6.39  %  of 
potash,  and  6.21  ^  of  phosphoric  acid. 

In  1881  the  following  crops  were  harvested :  — 

No  fertilizers 17,657  

Fertilizers  raked  in 22,950  4,983           27.9 

hoed  in  4|  in.  deep      .  32,674  15,017           85.1 

spaded  in  8|  in.  deep  .  38,543  20,886          118.3 

The  crops  of  1882  were  as  follows :  — 
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No  fertlUzers 21,772  

Fertilizers  raked  in 22,453  681             3.1 

hoed  in  4f  in.  deep .     .  36,217  14,445            66.4 

spaded  in  8f  in.  deep  .  39,030  17,258           79.3 

The  manure  of  1882  differed  decidedly  from  that  of  1881  in  that 
it  contained  a  quantity  of  organic  nitrogen  and  of  ammonia-nitro- 
gen, as  well  as  of  nitrate-nitrogen.  It  consisted  of  a  mixture  of 
dried  blood,  sulphate  of  ammonia,  nitrate  of  soda,  chloride  of  po- 
tassium, superphosphate  of  lime  and  precipitated  diphosphate  of 
lime.  It  was  applied  to  garden  plots  at  the  same  rate  as  in  1881, 
and  contained  2.05  %  organic  nitrogen,  1.98  %  ammonia  nitrogen, 
1.52%  nitrate-nitrogen,  5.18  7o  potash  and  8.94%  phosphoric 
acid. 

The  final  trials  of  1883  were  on  fields  dressed  with  500  kilos  ni- 
trate of  soda  (with  15.53  %  nitrogen)  to  the  hectare  and  650  kilos 
of  "superphosphate"  (with  14.51  %  of  phosphoric  acid  soluble 
in  citrate).     The  averages  of  the  results  were :  — 

Boota  to  tha  Tvp*  t«  fhe 

Hectare,  in  Kiloi.     Hectare,  in  KUof. 

No  fertilizers 49,310  24,722 

Fertilizers  harrowed  in 68,547  31,625 

spaded  in  4.75  inches  deep   .  65,726  34,675 

"         spaded  in  8.66  inches  deep  .  69,596  37,243 

"         drilled  in  under  the  seeds     .  61,392  38,795 

These  results  have  been  confirmed  by,  Guinon  in  France,  who 
harvested  23,560,  27,020  and  31,400  kilos,  of  beet-roots  respec- 
tively, from  land  into  which  chemical  fertilizers  had  been  worked  to 
depths  of  4,  6  and  8  inches. 

As  long  ago  as  1850,  at  the  time  of  the  discovery  of  the  chemi- 
cal fixing  power  of  soils,  Lawes  assured  Professor  Way  that,  al- 
though he  had  taken  great  pains  to  use  the  best  drills  in  applying 
artificial  manures  to  his  experimental  fields,  he  was  constantly  re- 
minded of  the  inadequate  distribution  of  the  fertilizers  by  the 
irregularity  of  the  crops.  Berghe,  also,  in  experiments  with  pota- 
toes on  a  light  sandy  soil,  got  decidedly  better  crops — both  as  re- 
gards quantity  and  quality  —  by  burying  mixed  artificial  fertilizers 
to  a  depth  of  9  inches  than  were  obtained  by  applying  similar  fer- 
tilizers to  the  surface  of  the  land.  When  nitrate  of  soda  was  used 
as  the  source  of  nitrogen,  the  increase  of  crop  due  to  burying  the 
fertilizers  amounted  to  5  %,  while  there  was  a  gain  of  10  %  in 
cases  where  sulphate  of  ammonia  was  employed. 
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Why  Dung  and  Urine  are  Pre-eminent. 

There  can  be  very  little  doubt,  after  all  has  been  said,  that  one 
chief  reason  why  farmyard-manure  retains  so  very  prominent  a  po- 
sition is  that  people  know  pretty  well  how  to  use  it.  Another 
strong  point  in  favor  of  farmyard-manure  is  the  general  applica- 
bility of  it.  For  inasmuch  as  such  manure  contains  all  the  ash- 
ingredients  of  the  plants  from  which  it  has  been  formed,  and  a  fair 
proportion  of  their  nitrogen  also,  it  is  necessarily  a  mixture  of 
things  needed  by  living  plants.  More  than  this,  it  is  a  mixture  in 
which  the  several  ingredients  are  tolerably  well  proportioned  to  the 
demands  which  will  be  made  by  the  plants. 

It  is  true,  as  has  been  already  insisted,  that,  in  one  sense,  the 
excrements  of  animals  might  seem  not  to  be  precisely  equivalent  in 
value,  as  manure,  to  the  food  consumed  by  the  animals  in  pro- 
ducing it.  A  ton  of  clover,  for  example,  buried  in  the  ground, 
might  put  into  the  land  more  nitrogen,  and  perhaps  even  a  some- 
what larger  proportion  of  ash-ingredients,  than  could  be  got  by 
feeding  out  the  clover  to  cattle,  and  carrying  their  dung  and  urine 
to  the  field.  And  instead  of  ^'  clover,"  in  this  statement,  the  name 
of  any  other  article  of  food  might  be  put.  In  the  case  of  young, 
growing  animals,  and  that  of  milch  cows  or  of  sheep,  the  difficulty 
is  aggravated,  as  has  been  shown ;  but  in  no  case  is  it  wholly  ab- 
sent. From  numerous  experiments  made  by  different  chemists, 
it  appears  that,  on  the  average,  little  more  than  four-fifths  of  the 
nitrogen  consumed  by  stabled  animals  in  their  food  can  be  carried 
to  the  fields  in  the  form  of  liquid  and  solid  excrements.  The 
rest  not  only  serves  to  form  milk,  and  flesh,  and  wool,  or  the  like, 
but  the  major  part  of  it  is  dissipated  by  processes  of  decay  and 
putrefaction. 

Excrement  better  Manure  than  Food  is. 

It  was  on  account  of  this  waste,  part  of  which  he  wrongly  sup- 
posed to  be  due  to  respiration  and  perspiration,  that  Boussingault 
once  threw  out  the  suggestion  that,  in  one  poiut  of  view,  cattle 
might  fairly  enough  be  regarded,  not  as  producers  of  manure,  but 
as  consumers  (i.  e.  destroyers)  of  manure. 

Still  earlier  than  Boussingault,  the  German  chemist  Sprengel 
entertained  a  similar  idea,  and  he  made  experiments  to  prove  it. 
Starting  from  the  crude  notion  that  the  fodder  which  passes  through 
an  animal  cannot  become  *'  animalized  "  by  the  act  of  thus  passing, 
it  was  urged  that  a  given  weight  of  food  applied  to  the  land  as 
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such  must  produce  a  greater  fertilizing  effect  than  a  similar  weight 
of  food  after  it  has  been  fed  to  an  animal,  and  thereby  changed  to 
excrement. 

To  test  this  hypothesis,  Sprengel  fed  one  parcel  of  fodder  to 
fatting  sheep,  and  at  the  same  time  he  prepared  a  heap  composed 
of  another  equal  parcel  of  the  fodder,  to  which  he  applied  as  much 
water  as  was  given  to  the  sheep.  Naturally  enough,  his  heap  of 
fodder  weighed  a  good  deal  more  than  the  excrements  of  the 
sheep,  and  on  contrasting  the  two  products  by  applying  them  for 
the  fertilization  of  potatoes,  the  uneaten  fodder  gave  a  larger  crop 
than  the  dung. 

Both  the  remark  of  Boussingault  and  the  experiment  of  Sprengel 
are  interesting  and  instructive,  as  exhibiting  one  view  of  the  sub- 
ject. But  the  idea  which  they  seek  to  express  can  no  longer  be 
accepted  as  true,  in  a  practical  sense.  For  the  chemical  constitu- 
ents of  dung  are  very  different  from  those  of  plants.  Contrary  to 
Sprengel's  teaching,  fodder  ia  ^'  animalized"  as  it  passes  through 
the  body,  in  that  the  best  part  of  it  becomes  part  and  parcel  of  the 
body  before  it  is  sent  out,  or  expelled  in  the  secretions,  in  the  form 
of  urea,  and  of  hippuric  and  uric  acids.  For  that  matter,  the  dif- 
ference in  the  fertilizing  action  of  dead  plants  and  of  manure  is 
well  illustrated  by  the  fact  of  observation  that,  while  grain  grown 
after  a  green-manuring  is  not  specially  liable  to  run  to  leaf  or  to 
lodge,  there  is  great  danger  that  both  these  mischances  may  hap- 
pen when  manure  is  applied  directly  for  a  grain-crop.  Excrements 
resemble  dead  flesh  withal,  in  that  they  afford  fit  residence  for  va- 
rious ferment  organisms  which  bring  about  decompositions  unlike 
those  which  occur  commonly  in  the  decay  of  plants.  Doubtless 
the  English  farmers  were  right,  when,  as  will  be  set  forth  on 
another  page,  they  were  willing  —  at  times  when  cattle  were  costly 
and  turnips  abundant  —  to  give  their  turnip-crops  to  any  one  who 
would  bring  stock  to  consume  them  upon  the  land. 

Dung  and  urine  not  only  bring  to  the  soil  matters  directly  assim- 
ilable by  plants,  which  are  of  the  utmost  value  as  plant-food,  but 
they  excite  fermentations  in  the  earth,  which,  as  all  experience 
shows,  are  useful  for  the  growth  of  plants.  Hence,  in  spite  of  all 
the  sources  of  waste  above  mentioned  as  incidental  to  its  forma- 
tion, farmyard-manure  is  a  tolerably  complete  fertilizer.  By  ap- 
plying it  to  the  land  in  sufficient  quantity,  plants  can  be  supplied 
with  everything  necessary  for  their  growth. 


394  AGRICULTURE. 

As  regards  the  ordinary  run  of  soils,  there  are  few  among  the 
commercial  fertilizers  of  which  the  foregoing  remark  can  be  made. 
Nor  is  it  strange  that  this  should  be  so,  for  the  commercial  fer- 
tilizers have  come  into  use  as  additions  to  or  re-enforcements  of 
stable-manure.  They  originated  in  countries  where  the  farms  are 
based  upon  the  keeping  of  cattle,  and  have  found  their  chief  use 
in  connection  with  stable-manure. 

Hitherto,  the  artificial  fei-tilizers  have,  for  the  most  part,  been 
applied  in  conjunction  with  dung,  to  supplement  it ;  or,  perhaps 
even  more  commonly,  one  or  another  of  them  has  been  used  to 
force  some  one  particular  crop  in  a  rotation  the  fundamental  basis 
of  which  is  farmyard-manure.  It  is  only  comparatively  recently 
that  the  commercial  fertilizers  have  found  extended  use  in  the  cul- 
tivation of  special  crops,  such  as  cotton,  sugar  and  tobacco,  and 
people  were  singularly  slow  in  grasping  the  idea  that  mixtures  of 
the  artificial  products  were  needed  in  order  to  compete  with  dung. 
Farming  possible  with  Artificial  Manures, 

It  is  because  of  the  facts  above  stated  that  books  relating  to 
practical  agriculture  still  lay  so  much  stress  upon  farmyard-ma- 
nure, and  have  so  little  to  say  about  the  practicability  of  carrying 
on  farms  by  the  exclusive  use  of  commercial  fertilizers.  Indeed, 
comparatively  speaking,  very  little  information  upon  this  point  has 
ever  been  published.  The  experience  of  many  years  will  be  needed, 
moreover,  before  any  one  can  say  with  certainty  whether  a  given 
course  of  husbandry  is  permanently  profitable.  At  the  very  worst, 
however,  there  would  seem  to  be  no  real  difficulty  in  maintaining  a 
farm  in  good  heart  by  means  of  the  commercial  fertilizers  now  pro- 
curable, if  they  were  used  in  connection  with  some  system  of  green 
manuring,  or  with  composts  made  of  vegetable  matters  fermented 
with  night-soil,  soap-boilers*  scraps,  or  alkali ;  for  in  these  ways, 
if  in  no  other,  manures  of  general  applicability  could  be  obtained 
proper  to  replace  the  dung  of  animals.  This  idea  is  in  some  sort 
foreshadowed  by  an  old  Irish  method  of  obtaining  manure  by  rot- 
ting hay.  On  the  banks  of  the  Shannon,  where  much  natural 
grass  is  mown  for  hay,  small  patches  of  the  standing  grass  were 
formerly  bought  by  the  neighboring  cottagers,  even  by  those  who 
kept  no  live  stock,  for  the  purpose  of  obtaining  manure  for  their 
potato-beds.  The  hay  was  put  into  a  hole  near  the  cabin,  and 
honse-slops  and  all  manner  of  refuse  were  thrown  upon  it  to 
hasten  the  process  of  decay. 
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When  the  preparation  of  composts  comes  to  be  properly  under- 
stood and  methodized,  it  may  perhaps  be  found  to  be  true  uniyer- 
sally,  as  it  is  now  of  cattle-farms,  that  the  best  way  of  employing 
the  chemical  fertilizers  is  in  smafl  quantities,  as  helps  to  the  gen- 
eral manure  obtained  by  the  decomposition  of  vegetables. 

On  good  moist  land,  a  little  bone-meal,  castor-oil-cake,  cotton- 
seed-meal, nitrate  of  soda,  or  superphosphate,  used  in  connection 
with  farmyard-manure,  will  often  exert  an  influence  out  of  all  pro- 
portion above  the  cost  of  the  addition. 

Use  of  ^^^ Artificials  "  to  produce  Dung. 

Upon  some  of  the  grain-farms  of  Europe,  it  was  formerly  held 
that  the  true  theory  of  the  use  of  commercial  fertilizers  was,  that 
they  should  be  employed  in  quantity  just  sufficient  to  increase  the 
product  of  fodder  and  straw  to  the  extent  that  a  sufficient  number 
of  animals  might  be  kept  to  supply  dung  enough  to  manure  the 
farm  richly  and  completely.  This  theory  has  merit,  as  far  as  it 
goes ;  but  it  fails  to  recognize  and  allow  for  a  certain  deficiency  of 
active  nitrogen  which  is  inevitable  in  farmyard-manure.  One  of 
the  chief  merits  of  nitrate  of  soda  is  that  it  can  supply  such  crops 
as  grain  and  sugar-beets  with  easily  assimilable  nitrogen  in  the 
spring,  at  the  time  of  their  greatest  need.  At  that  season,  farm- 
yard-manure which  has  been  applied  to  the  land  often  fails  to  ni- 
trify fast  enough — either  because  the  ground  is  too  cold  or  too 
dry  —  to  supply  the  demands  of  the  growing  crop.  And  the  re- 
mark is  doubly  true  of  unexpended  residues  of  previous  manurings 
which  may  have  been  left  in  the  land. 

Special  Manures  sufficient  in  certain  Cases, 

There  are  exceptional  soils  and  districts  so  fertile  naturally  that 
they  do  ^ot  stand  in  need  of  complete  manures.  There  are  many 
localities  in  £urope  and  elsewhere  where  potash,  at  least,  seems  to 
be  abundantly  supplied  by  the  soil.  Upon  some  of  the*  intervales 
of  New  England,  even,  and  upon  reclaimed  salt-marshes,  some  one 
special  manure  might  perhaps  be  used  year  after  year  without  ex- 
hausting the  land.  Discretion  must,  of  course,  be  used  in  such 
cases,  as  always  in  the  application  of  concentrated  manures.  But 
it  is  to  be  remembered,  on  the  other  hand,  that  there  is  no  system 
of  farming  more  unphilosophical,  chemically  speaking,  than  that 
which  insists  on  piling  stable-manure  year  after  year  upon  land  so 
rich  that  the  crops  grown  upon  it  cannot  consume  a  fair  proportion 
of  the  food  supplied. 
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According  to  Lawes  and  Gilbert  it  has  been  found,  as  a  matter 
of  practical  experience,  upon  the  highly  cultivated  grain  and  stock 
farms  of  England,  that  the  amount  of  mineral  constituents  im* 
mediately  available  for  the  wheat-crop  supplied  by  stable-manure 
is  almost  invariably  in  excess  of  the  supply  of  nitrogen.  Hence 
the  yield  of  wheat  is  largely  increased  on  those  English  lands  by 
the  application  of  nitrogenous  manures  used  in  conjunction  with 
the  dung,  as  has  already  been  set  forth. 

In  a  similar  sense,  Rauch,  in  Bavaria,  after  having  experimented 
with  Peruvian  guano  for  years,  came  to  the  conclusion  that  he 
could  not  count  with  any  certainty  upon  this  manure's  giving  good 
results  unless  it  was  applied  to  land  already  in  good  heart,  i.  o. 
land  previously  enriched  with  stable-manure  or  with  clover-so(^». 
The  facts  being  as  they  are,  it  is  not  in  the  least  surprising  that 
the  use  of  a  purely  nitrogenized  manure,  like  sulphate  of  ammonia, 
should  have  so  often  given  excellent  results  upon  land  which  had 
been  richly  manurdd  for  a  long  time  with  dung. 

It  is  to  be  remembered,  also,  that  in  many  situations  —  where 
land  is  very  fertile,  either  naturally  or  from  having  been  brought 
into  good  condition  by  careful  tillage  and  abundant  manurings,  — 
the  annual  disintegration  and  decomposition  of  mineral  matter 
within  the  soil  will  go  far  to  supply  the  mineral  constituents  which 
are  taken  off  in  the  crops,  and  that  these  ash-ingredients  are  of 
course  superadded  to  those  in  the  dung.  Hence  it  follows,  that 
the  special  theory  of  applying  commercial  fertilizers,  to  which  al- 
lusion was  just  now  made,  must  be  modified  very  decidedly.  In 
many  situations,  it  will  be  best  to  use  some  kind  of  nitrogenized 
fertilizer  together  with  the  farmyard-manure.  And  if  this  be  done, 
less  stable-manure  should  be  applied  than  is  now  commooly  used. 
It  would  evidently  be  unwise,  as  a  matter  of  farm  practice,  to  per- 
sist in  applying  large  quantities  of  dung  to  really  good  land.  A 
lighter  dressing  of  the  dung  together  with  some  nitrate  of  soda,  or 
guano,  or  fish-scrap,  or  sulphate  of  ammonia,  would  usually  be 
better  than  a  heavy  dressing  of  the  dung  alone. 
The  Risk  of  Losing  Nitrogen. 

One  reason  why  it  may  often  be  better  policy  to  manure  the  land 
moderately  for  each  crop,  rather  than  to  apply  a  heavy  dressing  of 
dung  to  one  crop  in  a  rotation  and  none  to  succeeding  crops,  is  that 
the  organic  matter  in  farmyard-manure  slowly  but  constantly 
changes  in  the  soil,  with  formation  of  nitrates,  some  portions  of 
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which,  as  is  well  known,  are  carried  away,  during  long-continued 
rainy  weather,  by  the  water  that  percolates  through  the  soil ;  and 
since  the  amount  of  nitrogen  lost  in  this  way  is  larger  in  propor* 
tion  as  larger  amounts  of  dung  have  been  applied  to  the  land  all  at 
once,  the  simplest  rules  of  prudence  would  seem  to  indicate  the 
propriety  of  exhibiting  the  dung  in  moderate  doses  and  reinforcing 
it  if  need  b^  with  nitrates  after  the  season  of  leaching  rains  has 
passed.  It  may  sometimes  happen  nevertheless  that  land  heavily 
dressed  with  farmyard-manure  may  gain  such  power  to  hold  water 
that  only  a  small  proportion  of  the  rain  which  soaks  into  it  at  the 
surface  can  pass  out  below  as  drainage. 

The  recognition  by  the  British  farmers  of  the  facts,  —  1st,  that 
full  crops  of  wheat  cannot  be  grown  unless  there  be  present  a  lib- 
eral supply  of  nitrogen,  as  well  as  an  abundance  of  the  mineral 
matters  necessary  for  the  crop,  —  and,  2d,  that  upon  land  which 
has  been  highly  cultivated  for  a  long  time  and  manured  with  dung 
the  supply  of  mineral  constituents  available  for  the  wheat-crop  is 
usually  in  excess  of  the  available  nitrogen,  —  mark  a  very  impor- 
tant step  in  the  history  of  agriculture.  It  is  curious  to  note  how, 
in  the  light  of  this  knowledge,  some  of  the  difficulties  which  beset 
the  earlier  observers  are  made  plain.  Thus,  to  take  a  single  ex- 
ample, Marshall,  writing  in  1781,  was  very  much  exercised  concern- 
ing a  hill  of  ''  manure-sick  "  land  which  he  ran  across  in  his  travels. 
Under  date  of  November  10,  he  says :  — 

*'  The  Bullock  Hill  at  St.  Faith's  in  Norfolk  is  said  to  receive  no 
benefit  from  the  droppings  of  the  bullocks,  which  every  year  are 
shown  upon  it  daily  during  a  fortnight  or  three  weeks  in  late  Septem- 
ber and  early  October.  This  year  the  land  was  in  wheat ;  and  if  one 
may  judge  from  the  stubble,  the  crop  was  a  very  indifferent  one, 
notwithstanding  the  wheat  was  dunged  for.  The  soil  is  a  lightish 
sandy  loam." 

'<  This  interesting  fact  is  said  to  be  due  to  the  worthlessness  of  the 
dung  of  drove  bullocks.  This  I  much  doubt,  however  ;  for  the  bul- 
locks being  many  of  them  in  high  case,  and  kept  in  grazing-grounds 
about  St.  Faith's,  some  of  them  perhaps  within  a  quarter  of  a  mile 
of  the  hill,  the  driving  is  little  more  than  the  driving  of  sheep  to  a 
fold.  Some  of  the  cattle  may  no  doubt  come  to  the  hill  immediately 
from  Scotland,  and  they  are  all  of  them  of  course  driven  more  or  less, 
and  there  may  be  some  truth  in  this  opinion.  But  upon  the  whole, 
it  seems  probable  that  driving  alone  does  not  produce  this  interesting 
fact.  May  we  not  venture  to  think  it  possible  that  land  may  be 
satiated,  or  tired,  even  of  the  dung  of  cattle  ?  The  hill  in  question 
has  been  the  site  of  a  large  fair  for  cattle  during  time  immemorial. 
Perhaps,  were  the  fair  removed  and  the  soil  manured  with  lime, 
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marl,  or  some  such  other  new  manure  as  experience  would  point  out, 
it  might  continue  to  throw  out  great  crops  for  many  years.  This  is 
a  subject  worth  investigating  ;  for  upon  old  grazing-grounds,  which 
have  been  fed  and  dunged  with  cattle  during  a  length  of  time,  the 
dung  which  falls  from  them  cannot  on  this  hypothesis  be  of  any  use 
to  the  land  ;  consequently  the  stock  may,  without  injury  to  the  pas- 
ture, be  driven  off  in  the  night-time  to  fertilize  some  arable  land;  or 
the  dung  may  with  advantage  be  collected  and  carried  off  ;  whilst  by 
mould,  ashes,  soot,  etc.,  the  grass  may  receive  improvement." 

It  will  be  noticed  that  Marshall  describes  the  soil  of  the  hill  as  a 
lightish,  sandy  loam.  The  inference  seems  plain,  that  the  nitrogen- 
compounds  of  the  dung  had  fermented  and  been  oxidized,  and  that 
they  had  been  washed  away  in  good  part,  (Jf>ubtless  in  the  form  of 
nitrates ;  and  that  what  the  land  really  needed  was  a  supply  of 
some  nitrogenized  manure,  and,  probably,  water. 

From  what  is  known  of  the  power  of  soils  to  retain  the  mineral 
constituents  of  dung,  it  is  impossible  to  escape  the  conviction  that 
the  soil  of  this  Bullock  Hill  was  highly  charged  with  them.  With 
his  usual  sagacity,  Marshall  saw  that  a  new  manure  was  needed. 
But  he  did  not  know  that  the  substance  specially  indicated  was  a 
nitrogen-compound,  although  he  mentions  soot  and  vegetable-mould, 
among  other  things,  as  fit  materials  to  experiment  with.  His  coun- 
trymen have  learned  the  lesson  since  then. 


CHAPTER  XXII. 
suPERiOBrrr  or  dung  and  urine. 

Folding  and  Teathing. 

The  foreign  practice  of  applying  manure  by  folding  sheep  me- 
thodically night  after  night  upon  the  different  parts  of  a  field  is 
deserving  of  special  attention  in  connection  with  what  has  been 
said  of  methods  of  saving  and  applying  manure.  For,  as  has  ap- 
peared already,  the  sheepfold  is  one  means  of  bringing  manure  to 
the  land  in  the  fresh  condition,  and,  in  places  where  circumstances 
permit  this  method  to  be  practised,  it  is  esteemed  to  be  a  very 
good  way  of  so  doing. 

Almost  every  crop  and  every  kind  of  soil  is  said  to  take  kindly 
to  the  system,  excepting  only  such  clays  and  silts  as  would  be 
puddled  by  the  trampling  of  the  animals.  In  England,  folding  is 
highly  esteemed  on  dry  loams  and  especially  on  chalks,  gravels 
and  sands ;  and  the  process  is  reputed  to  be  singularly  beneficial 
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to  new  land,  and  to  land  which  has  never  been  folded  upon.  It 
must  be  admitted,  however,  with  Marshall,  that,  "by  the  term 
fold,  as  applied  to  the  fertilizing  effect  of  sheep  pent  upon  land, 
we  do  not  mean  to  convey  an  idea  merely  of  the  fseces  and  urine 
they  leave  behind  them,  but  also  of  the  trampling,  and  perhaps  of 
the  perspiration  and  the  warmth  communicated  to  the  soil  by  the 
practice  of  folding." 

It  is  not  merely  the  tramping  of  the  ground  in  the  sense  of  com- 
paction, but  the  trampling  in  of  the  dung,  i.  e.  the  mixing  of  it 
with  the  earth,  that  is  to  be  regarded  with  favor.  It  is  a  matter 
of  history,  indeed,  that  before  harrows  were  invented  sheep  and 
swine  were  habitually  employed  to  trample  in  seed-grain  after  it 
had  been  strewn.  The  even  disti'ibution  of  the  sheep-manure  is 
one  point  to  be  noted ;  and  another  advantage  in  putting  sheep 
upon  stubble-fields  is  found  in  the  fact  that  these  animals  eat  and 
destroy  a  great  variety  of  weeds  which  neither  cows  nor  horses 
will  touch. 

Still,  the  chief  advantage  of  folding  is  found  in  the  fact  that  all 
the  manure  falls  upon  the  land  in  the  fresh  condition,  and  is  ab- 
sorbed by,  and  distributed  in,  the  soil  while  fresh.  This  remark  is 
specially  true  of  the  urine,  which  is  put  to  profit,  wellnigh  com- 
pletely perhaps,  when  it  falls  upon  the  soil,  as  when  sheep  are 
folded ;  but  which  in  the  barnyard  putrefies  and  ferments  in  such 
wise  that  no  inconsidersible  part  of  it  is  lost.  In  full  accord  with 
these  statements  is  the  opinion  of  practical  men  that  folded  sheep 
give  a  powerful,  quick-acting  manure  of  no  great  endurance.  The 
chief  effect  of  it  will  be  felt  in  the  first  year. 

It  is  true  of  sheep-manure  that  it  is  particularly  dry  and  a  highly 
nitrogenized  material,  which  begins  to  decompose  very  quickly 
anyway,  and,  by  thus  becoming  hot,  helps  not  a  little  towards  its 
further  decomposition  and  destruction.  No  kind  of  manure  (un- 
less it  be  night-soil)  stands  in  greater  need  of  having  checks  put 
upon  its  tendency  to  decomposition.  On  contrasting  Voelcker's 
analyses  of  fresh  sheep-manure  with  some  that  was  three  years  old, 
it  appears  that  the  latter  had  lost  more  than  40  ^  of  its  nitrogen, 
and  somewhat  over  60  %  of  its  organic  matter. 
Folding  saves  Urine, 

When  urine  has  been  distributed  in  the  soil  in  the  fresh  condi- 
tion, as  when  sheep  are  folded,  it  probably  decays  in  a  very  differ- 
ent way,  even  in  warm  summer  weather,  from  that  in  which  it 
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decays  in  the  dung-heap,  and  the  products  of  decay,  being  in  pres- 
ence of  an  excess  of  soil,  are  doubtless  absorbed  by  it  in  some 
part.  In  case,  for  example,  ammonia  was  formed  by  the  decay  of 
the  sheep's  urine  in  the  soil,  it  is  fair  to  assume  that  little  or  none 
of  this  ammonia  could  escape  into  the  air.  It  is  certain  that  no 
perceptible  odor  of  ammonia  would  ai'ise  from  it,  such  as  is  evident 
enough  when  sheep's  urine  decays  above  ground. 

As  Walz  has  suggested,  tlie  constituents  of  urine  that  have  been 
distributed  upon  stubble  land  by  the  method  of  folding  sheep  are 
commonly  put  to  use  immediately  by  plants,  before  they  have  had 
time  to  undergo  any  very  complete  decay  ;  for  they  are  either  taken 
up  by  weeds  that  are  growing  upon  the  spot,  and  are  subsequently 
recovered  in  the  form  of  a  green  manuring  when  the  laud  is 
ploughed,  or  some  kind  of  an  agricultural  crop  is  sown  upon  the 
land  that  has  been  folded  upon,  and  in  this  event  the  constituents 
of  the  mine  give  an  excellent  start  to  the  young  plants. 

In  proof  that  the  urine  of 'the  sheep  is  really  the  most  impoitant 
element  in  the  process  of  folding,  Walz  adduces  the  case  where, 
after  sheep  have  been  folded  upon  a  hillside,  a  sudden  heavy  shower 
of  rain  washes  everything  movable  from  the  surface  of  the  land,  so 
that  the  dung  is  swept  away  wellnigh  completely,  and  little  beside 
the  urine  that  had  soaked  into  the  earth  is  left  to  show  that  fold- 
ing has  occurred.  Yet  it  is  a  matter  of  practical  experience,  that 
the  crops  which  are  grown  in  due  course  upon  folded  land  which 
has  been  washed  clean  in  this  way,  often  yield  almost  as  good  har- 
vests as  if  no  washing  had  occurred.  Another  bit  of  evidence 
tending  to  show  the  efficacy  of  the  urine  is  that  the  straw  of  grain- 
crops  manured  by  folded  sheep  is  apt  to  be  particularly  well  de- 
veloped, as  compared  with  that  of  crops  grown  with  farmyard- 
manure. 

One  advantage  in  folding  sheep  is,  that  there  is  no  expense  di- 
rectly chargeable  to  the  transportation  of  manure,  or  to  the  spread- 
ing of  it.  Moreover,  none  of  the  manure  can  by  any  possibility 
be  lost  between  the  stable  and  the  field.  In  a  word,  there  is  no 
'^  shrinkage."  Hence  the  process  has  special  significance  for  out- 
lying fields  which  are  distant  from  the  dung-yard,  and  for  hilly  or 
inaccessible  places.  Folding  is  said  to  be  inadmissible,  however, 
when  the  sheep  are  kept  for  the  sake  of  high-grade  wool,  and  land 
should  not  be  folded  upon  when  it  is  wet,  lest  it  should  be  puddled 
by  the  feet  of  the  animals. 
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Sometimes  the  sheep  are  folded  on  land  before  the  crop  is 
planted,  in  which  event  their  dung  is  soon  ploughed  in ;  and  at 
other  times  they  are  folded  after  the  planting,  so  that  their  dung 
serves  as  a  top-dressing,  and  their  tramping  harrows  and  "  rolls" 
the  land,  as  it  were.  In  both  cases,  the  sheep  are  usually  driven 
at  nightfall  from  their  proper  pasture  to  the  land  to  be  manured. 

In  certain  parts  of  England,  it  has  been  the  practice  of  some 
farmers  to  have  their  turnip-crops  eaten  off  the  land  by  other  per- 
sons' sheep  at  so  much  the  score.  In  this  way,  the  risk  of  invest- 
ing capital  in  sheep  is  avoided,  though  there  is  a  liability  that  the 
tilth  of  the  fields  may  be  injured  by  the  trampling  of  the  alien 
sheep  at  unseasonable  times.  As  was  said  just  now,  this  practice 
was  esteemed  so  highly  that,  in  times  when  turnips  have  been 
specially  abundant,  a  neighbor's  sheep  have  occasionally  been  per- 
mitted to  eat  the  crop  without  payment ;  sometimes  even  money 
has  been  paid  to  induce  their  owner  to  permit  them  to  eat. 
QtAantUy  of  Manure  from  Folds. 

In  some  German  works  on  agriculture,  there  will  be  found  curi- 
ous computations  as  to  the  amount  of  land  which  one  sheep  will 
manure  in  a  night,  and  as  to  the  value  of  this  manuring  as  com- 
pared with  that  of  a  dressing  of  stable-manure.  Schnee  estimates 
that  a  good  medium  manuring,  equal  to  about  100  cwt.  of  ordinary 
stable-manure,  may  be  got  from  2,400  sheep,  and  that  a  heavy  ma- 
nuring, equal  to  about  125  cwt.  of  stable-manure,  may  be  got  from 
3,000  sheep.  Koppe  tells,  as  a  matter  of  experience,  that  the  fold- 
ing of  3,000  sheep  for  one  night  upon  1  Morgen  (=»  0.631  acre) 
of  poor,  thin  land,  will  give  a  more  luxuriant  grain-crop  than  four 
wagon-loads  of  ordinary  stable-manure,  although  3,000  sheep,  with 
their  bedding,  will  not  produce  this  much  manure  in  a  night. 
Hence  the  cost  of  folding  is  offset  by  the  cost  of  moving  the  straw 
and  the  manure,  to  say  nothing  of  the  waste  of  straw,  which  might 
be  used  as  fodder.  According  to  Gasparin,  a  sheep  weighing  no 
more  than  17  kilos,  will  yield  in  one  night  0.0037  kilo,  of  nitrogen 
to  a  square  metre  of  land,  or  0.022  kilo,  for  each  100  kilos,  of  live 
weight.  That  is  to  say,  a  flock  of  a  thousand  sheep  will  in  a  sin- 
gle night  put  nearly  4  kUos.  of  nitrogen  on  1 ,000  square  metres  of 
land,  which  would  be  equal  to  a  dressing  of  925  kilos,  of  farm- 
yard-manure. 

One  rule  was,  that  the  field  would  get  a  good  dressing  of  dung 
from  one  night's  folding  when  6  square  feet  of  land  were  allowed 
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to  each  sheep,  and  a  medium  dressing  if  7  feet  were  allowed  to  a 
sheep.  Ten  square  feet  to  a  sheep  was  the  utmost  to  be  allowed, 
lest  the  land  should  be  manured  unevenly,  for  sheep  huddle  to- 
gether closely  when  the  nights  are  cool.  Another  way  of  reckon- 
ing was  that,  while  the  sheep-fold  would  give  the  land  a  heavy 
manuring  in  one  full  night,  half  a  manuring  could  be  got  by 
moving  the  fold  to  a  new  place  in  the  middle  of  the  night  As  an 
experiment,  Boussingault  folded  200  sheep  for  a  fortnight  on  rye 
sLubble,  in  a  field  of  such  extent  that  there  should  be  one  sheep  to 
four  square  feet  of  surface.  The  crop  of  turnips  grown  on  the  land 
thus  fertilized  was  as  large  as  those  obtained  after  the  heaviest 
dressings  of  farmyard-manure. 

"  Cow-pennirig" 

In  several  of  the  Southern  States  of  this  country,  the  poorer 
classes  have  long  been  accustomed  to  fertilize  their  land  by  penning 
cows  upon  it  methodically  night  after  night  during  the  summer 
months,  i.  e.  from  March  to  November.  This  system,  which  has 
the  merit  of  absolute  simplicity,  is  said  to  prevail  generally  on  the 
high-lying  pine-lands  of  the  Cotton  States.  The  pens  are  nothing 
more  than  plots  of  ground  enclosed  by  a  simple  rail-fence.  The 
land  within  tlie  pen  is  usually  ploughed  at  the  start,  and  to  this 
enclosure  the  cows  —  which  are  allowed  to  run  at  large  in  the  woods 
by  day  —  return  at  night  to  suckle  their  calves,  and  to  be  milked. 

As  soon  as  the  land  has  become  well  covered  with  the  droppings 
of  the  animals,  it  is  customary  to  take  down  the  fence,  to  build  a 
new  pen  with  the  rails,  to  plough  the  enriched  land,  and  to  plant 
sweet  potatoes  upon  it,  or  (in  Florida)  to  establish  a  garden.  In 
case  any  vegetables  are  to  be  grown  which  require  a  richer  soil 
than  the  sweet  potato  does,  the  land  of  the  old  pen  may  be  ploughed 
and  the  cows  be  penned  again  upon  the  newly-ploughed  ground. 
In  this  way,  the  land  may  be  enriched  so  thoroughly  that  good 
crops  can  be  grown  upon  it  for  years.  It  has  been  said  that  no 
grove  of  fruit-trees  is  more  healthy  or  prolific  than  one  which  has 
been  set  out  on  cow-penned  land.  '*  Where  a  man  owns  20  head 
of  cattle,  or  more,  it  is  sui-prising  how  much  poor  land  will  be 
transformed  into  rich  land  in  the  course  of  a  single  season." 

In  spite  of  the  fact  that  it  has  often  been  held  up  to  ridicule, 
this  practice  of  cow-penning  is  manifestly  by  no  means  destitute  of 
merit.  Scientifically  considered,  it  is  an  interesting  example  of 
the  value  of  fresh  manure. 
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Manure  from  Pastured  Cattle. 

The  droppings  of  neat  cattle  at  pasture  have  in  general  far  less 
economic  value  than  those  of  sheep,  not  only  because  of  their  com- 
pacted condition,  which  prevents  the  growth  of  grass  wherever 
they  have  fallen,  but  because  of  the  rankness  of  the  grass  which 
grows  around  them.  In  rich  pastures,  or  even  perhaps  in  ordinary 
pastures  which  are  not  too  rocky  or  brush-grown,  the  droppings 
may  be  utilized  more  or  less  completely,  as  is  done  not  infrequently 
in  England,  by  going  over  the  land  occasioually  with  a  flexible 
chain-harrow,  —  or  perhaps  a  light  smoothing- harrow  would  an- 
swer, —  so  that  the  clots  of  dung  may  be  broken  up  and  the  parti- 
cles distributed. 

If  a  scytheman  or  a  mowing-machine  could  be  spared  occasion* 
ally  to  cut  down  the  rank  tufts  of  grass  which  grow  around  the 
clots  of  dung  and  where  an  excess  of  urine  has  fallen,  it  would  be 
well  also ;  for  cattle  will  eat  such  grass  after  it  has  wilted,  just  as 
they  will  eat  buttercups,  whiteweed,  and  weeds  in  general,  after 
they  have  been  mown  and  are  partially  dried,  and  they  will  graze 
subsequently  on  the  new  growth  of  grass.  It  can  hardly  be  open 
to  doubt,  that,  iu  pastures  good  enough  and  smooth  enough  to 
suggest  the  operation,  the  cost  of  running  a  mowing-machine  over 
the  land  as  often  as  weeds  or  waste  grass  have  made  head  would 
be  amply  repaid  by  the  forage  that  is  gained.  It  is  true  of  many 
weeds  that  the  acrid  juices  which  repel  animals  from  the  living 
plaiits  seem  to  escape  by  volatilization  as  the  plants  become  dry. 
It  is  said  that  even  thistles  growing  in  pastures  will  be  readily 
eaten  by  all  kinds  of  stock  if  mown  when  they  are  young  and  suc- 
culent. 

QuarUUy  of  Manure  produced  in  Pastures. 

Schnee  estimates  that  the  excrements  from  a  medium-sized  cow 
at  pasture  amount  in  twenty-four  hours  to  from  37  to  40  lb.,  or  in 
165  days  and  nights  to  from  6,000  to  6,600  lb.  More  excrement 
is  passed  by  day  than  by  night,  that  which  falls  by  day  amount- 
ing to  from  22  to  25  lb.  Hence,  when  cattle  are  pastured  by  day 
and  kept  up  by  night,  the  pasture  will  receive  from  3,600  to  4,000 
lb.  of  manure  in  165  days. 

These  figures  are  suflficient  to  give  a  tolerably  good  idea  of  how 
much  a  pasture  can  profit  from  the  droppings  of  the  cattle  kept 
upon  it.  Furthermore,  they  go  to  show  why  it  is  that  European 
farmers  think  so  much  more  of  the  benefit  derivable  from  pastured 
stock  than  our  own  farmers  do. 


404  AGRICULTURE 

On  those  European  farms  where  a  cow  can  be  pastured  on  less 
than  an  acre  of  land,  4,000  lb.  of  droppings  —  say  half  a  cord  of 
absolutely  fresh  dung  and  urine  —  may  do  an  appreciable  amount 
of  good  to  that  acre.  But  with  us,  where  several  or  even  many 
acres  of  pasture  are  needed  for  the  support  of  a  single  animal,  the 
manure  she  furnishes  is  scattered  so  widely  that  no  one  can  see 
that  it  has  done  much  good. 

Tealhe. 

The  old  English  writers  on  agriculture,  following  a  provincial 
custom,  often  laid  stress  on  the  good  effects  of  the  mere  breath  of 
cattle  upon  pasture  grass,  and  upon  the  benefit  which  accrues  to 
the  grass  from  the  contact  of  their  bodies  with  it  as  they  sleep  by 
night,  —  all  this  beside  the  effect  attributable  to  the  dropping  of 
dung  and  urine.  The  word  Teathe  was  used  to  express  this  com- 
plex idea. 

Just  as  the  word  ^'  fold  "  was  used  to  express  the  fertilizing  ac- 
tion of  sheep,  so  "  teathe"  was  used  to  indicate  the  fertilizing 
effect  of  cattle  upon  the  land  upon  which  they  were  pastured,  or 
upon  which  they  were  foddered  with  turnips  or  other  food ;  no 
matter  whether  this  fertilizing  effect  is  produced  by  their  dung  and 
urine,  or  by  their  treading,  their  breath,  their  perspiration,  or  the 
warmth  of  their  bodies. 

A  field  may  be  teathed  methodically,  much  as  it  would  be  folded. 
And  upon  the  stock-turnip-gi*ain  farms  of  Norfolk  County  in  Eng- 
land, at  the  beginning  of  this  century,  the  practice  was  wellnigh 
universal. 

Cattle  were  fatted  upon  turnips  in  the  field,  but  the  turnips  were 
fed  out  in  such  manner  that  the  droppings  of  the  cattle  were  dis- 
tributed over  the  entire  field.  The  farms  were  laid  out,  and  the 
crops  intermixed,  in  such  manner  that  each  field  of  turnips  should 
have  at  least  two  grain-  or  clover-fields  in  its  neighborhood.  The 
turnips  were  hauled  first  to  the  wheat  stubble,  and  there  scattered 
thinly  and  evenly  from  the  carts,  so  that  the  cattle,  while  eating 
one  turnip,  could  not  tread  or  dung  upon  another.  The  carts  began 
at  one  side  of  the  field,  and  worked  regularly,  day  by  day,  to  the 
other  side,  giving  each  part  of  the  land  an  equal  share  of  the  tur- 
nips, and  never  throwing  twice  in  the  same  place,  until  the  whole 
field  had  been  gone  over.  The  rule  was  to  keep  the  turnips  about 
a  yard  apart. 

When  the  wheat  stubble  had  been  gone  over  often  enough  to 
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give  it  a  proper  supply  of  manure,  the  ground  was  ploughed,  and 
the  cattle  transferred  to  barley  stubbles.  The  latter  were  ploughed 
in  their  turn,  and  from  Christmas  to  April  the  turnips  were  thrown 
upon  the  clover-fields. 

This  practice  of  teathing  was  esteemed  to  be  specially  valuable 
upon  light  soils,  but  inapplicable  to  heavy  land  or  to  soils  of  close 
texture,  —  manifestly  because  of  the  risk  of  puddling  and  tamping 
the  clayey  soil. 

The  teathe  of  cattle  was  a  merchantable  article,  like  their  dung, 
and  it  was  estimated  at  a  higher  or  lower  price  according  to  the 
quality  of  the  food  and  the  condition  of  the  cattle.  The  teathe  of 
heavy,  fat  cattle  was  thought  to  be  specially  valuable,  while  that 
of  lean  stock  and  of  cows  was  accounted  inferior. 

In  some  localities  it  was  customary  to  divide  the  turnips  between 
neat  cattle  and  sheep  by  partially  stripping  the  fields  before  the 
sheep  were  put  upon  them.  That  is  to  say,  from  one-half  to  two- 
thirds  of  the  roots  were  pulled  and  carried  off  the  land,  to  be  given 
to  catt^,  and  sheep  were  then  turned  in  to  eat  the  remaining  tur- 
nips, where  they  grew.  By  proceeding  in  this  way  a  greater 
breadth  of  land  could  be  subjected  to  the  beneficial  influences  of 
the  trampling  and  droppings  of  the  sheep. 
Teathing  with  Hay. 

This  matter  of  teathing  applies,  of  course,  much  more  particu- 
larly to  the  mild  climate  of  England  than  to  the  conditions  which 
obtain  in  the  Northern  United  States.  The  process  is  described 
here  merely  for  the  sake  of  an  illustration.  It  was  the  mild  cli- 
mate, again,  which  permitted  the  farmers  to  teathe  their  mowing- 
fields  by  foddering  cattle  upon  them  in  winter  with  hay,  as  an 
equivalent  for  tbe  exhaustion  by  hay.  In  some  districts  the  hay 
was  carried  from  the  stack  on  men's  backs,  care  being  taken  to 
scatter  it  regularly  and  to  throw  it  upon  fresh  ground  every  day  in 
order  that  the  hay  might  be  eaten  up  clean,  and  that  all  parts  of 
the  field  should  be  equally  well  manured. 

According  to  Marshall,  the  good  effect  of  feeding  out  hay  upon 
grass-land  that  will  bear  the  treading  of  stock  in  winter  is  evident 
to  common  observation.  There  can  be  no  doubt,  he  says,  that  in 
some  cases,  and  under  proper  management,  stacking  hay  in  the 
field,  and  foddering  with  it  on  the  land  it  grew  upon,  may  be  per- 
fectly eligible.  On  light  land,  he  says,  many  advantages  arise  from 
this  practice.     The  fodder  is  laid  up  and  the  manure  applied  at 
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small  expense.  The  textare  of  the  soil  is  improved,  and  the  moss, 
which  is  the  greatest  enemy  of  land  of  this  description,  is  checked 
or  destroyed  by  the  treading  of  the  stock. 

Nothing  of  this  sort  could  be  done  in  the  cold  winters  of  New 
England.  But  it  is  none  the  less  plain  that  the  custom  of  teathing 
goes  to  show  the  advantages  of  using  fresh  dung  and  urine.  A  few 
words  more  bearing  upon  the  subject  of  teathe  may  here  be  cited. 
The  famous  old  writer  on  rural  affairs,  Evelyn,  says  :  "  The  biting 
of  cattle  gives  a  gentle  loosening  to  the  roots  of  the  herbage,  and 
makes  it  grow  fine  and  sweet,  and  their  very  breath  and  treading, 
as  well  as  soil,  and  the  comfort  of  their  warm  bodies,  is  wholesome 
and  marvellously  cherishing."  And  Hunter,  in  a  note  to  Evelyn's 
statement,  remarks :  ^*  Nice  farmers  consider  the  lying  of  a  beast 
upon  the  ground,  for  one  night  only,  as  a  sufficient  teathe  for  the 
year.  The  breath  of  graminivorous  quadrupeds  does  certainly  en- 
rich the  roots  of  grass,  —  a  circumstance  worthy  of  the  attention 
of  the  philosophical  farmer." 

Whimsical  as  these  notions  now  seem  to  us,  it  must  be  admitted 
that  there  is  no  inherent  improbability  in  them.  It  is  a  familiar 
observation,  that  many  varieties  of  weeds,  such  as  the  plantain, 
mallows,  may-weed,  and  certain  grasses,  follow  the  foot  of  man 
everywhere.  There  are  probably  other  plants  which  frequent  the 
haunts  of  cattle,  and  some  of  them  may  afford  good  pasturage. 
On  the  other  hand,  the  pressure  of  the  bodies  of  cattle  may  be  sure 
death  to  many  undesirable  plants. 

TeaZking  with  Swine, 

An  instance  of  teathing  land  with  hogs  on  the  large  scale  at  a 
cheese  factory  in  Canada  was  described  in  the  "  Country  Gentle- 
man "  a  few  years  since.  This  factory  used  the  milk  of  500  cows, 
and  the  whey  was  fed  to  100  or  200  hogs.  The  hogs  were  kept  in 
a  ten-acre  lot,  preferably  of  grass-land,  or  land  foul  with  thistles, 
and  the  whey  was  hauled  to  the  field  in  tanks,  from  which  it  was 
run  out  through  spouts  into  long  troughs.  Once  in  every  two  or 
three  days  the  troughs  were  drt^ged  into  new  places  by  means  of 
horses,  so  that  the  field  was  gone  over  methodically  from  one  side 
to  the  other.  In  this  way  the  animals  were  kept  healthy  ;  the  field 
was  thoroughly  manured,  and  ploughed  also  by  the  snouts  of  the 
hogs  ;  while  the  roots  of  grasses  and  weeds  were  pretty  thoroughly 
destroyed.  At  the  end  of  the  summer  the  land  was  found  to  be  in 
excellent  condition  for  winter  wheat. 
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Real  Superiority  of  Dung  and  Urine, 

One  important  consideration  in  regard  to  the  action  of  farmyard- 
manure,  as  compared  with  the  action  of  artificial  fertilizers,  re- 
mains to  be  discnssed  more  fully  than  has  been  done  hitherto. 

If  the  question  were  to  be  asked,  squarely.  Why  is  it  that  farm- 
yard-manure continues  to  be  so  much  more  highly  esteemed  by 
farmers  than  the  commercial  fertilizers  are  ?  the  reply  might  fairly 
enough  be  made,  in  words  that  haye  been  used  already.  First,  be- 
cause farmers  and  laborers  know  very  well  how  to  manage  dung, 
while  they  have  still  a  great  deal  to  learn  in  respect  to  the  use  of 
the  chemical  fertilizers.  Or  we  might  join  in  the  common  cry,  and 
say  that  dung  is  superior  to  the  chemicals  because  it  is  a  tolerably 
•'  complete  "  manure.  Or  it  might  be  urged,  as  has  often  been 
done  by  writers,  that  stable-manure  exerts  a  useful  physical  effect 
upon  the  soil,  particularly  on  stiff  clays,  —  an  effect  such  as  most 
artificial  fertilizers  are  incompetent  to  bring  about. ^  To  repeat 
yet  again  the  words  of  Lawes  and  Gilbert :  "  Direct  experiments 
have  shown  that  the  soil  in  our  experimental  wheat-field,  which  is 
manured  annually  with  farmyard-manure,  retains  near  the  surface, 
owing  to  its  greatly  increased  porosity,  very  much  more  of  the  rain- 
fall than  the  soil  of  the  plots  not  so  manured.  It  is,  accordingly, 
found  that  the  drains  from  the  farmyard-manured  plot  run  much  less 
frequently  than  do  those  from  the  unmanured  or  the  artificially 
manured  plots.  Hence,  obviously,  there  will  be  less  loss  of  water 
by  drainage." 

Or,  finally,  it  may  be  argued,  very  properly,  that  stable-manure 
is  of  the  nature  of  yeast,  in  that  it  contains  great  stoi*es  of  micro- 
scopic organisms  which  work  to  ferment  the  soil  and  to  make  the 
nitrogen  in  its  humus  available  for  crops. 

There  is  much  of  truth  in  each  of  these  assertions,  as  has  been 
urged  on  previous  pages.  They  do  undoubtedly  represent  several 
of  the  great  causes  which  work  to  maintain  the  supremacy  of 
dung. 

Then,  again,  it  must  be  remembered  that  the  great  bulk  of  farm- 
yard-manure—  no  matter  how  inconvenient  and  costly  this  bulk 
may  be  as  regards  the  application  of  the  manure  —  is  really  of  the 
nature  of  an  advantage,  in  that  it  insures  a  tolerably  even  distribu- 
tion of  the  fertilizing  matters,  so  that  every  part  of  the  soil  be- 

>  Sou  laituMilarly  mii  nrticlo  by  V.  Scliulz<)  iu  Vojjj^cndorff  8  Aiinaieti,  ISGH,  159,  .TfiC. 
Abstmct  in  Hotfinaiiu*8  Jahresbericbt  der  Agricaltar-Chomie,  •,  48. 
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comes  charged  with  them.  Hence,  as  a  rule,  wherever  farmyard- 
manure  is  applied  in  quantities  large  enough  to  keep  the  land  in 
good  condition,  there  is  really  added  to  the  soil  a  great  store  or 
reservoir  of  plant-food,  both  in  respect  to  nitrogenous  matters  and 
ash  ingredients.  Moreover,  farmyard-manure  is  usually  obtained 
very  cheaply,  as  will  be  explained  in  another  place. 
The  Nitrogen  in  Manure  is  Superior. 

But  there  is  still  another  reason  why  farmyard-manure  retains  its 
supremacy,  and  it  is,  in  some  respects,  the  most  important  reason 
of  all.  It  depends,  to  all  appearance,  upon  the  peculiar  condition 
of  some  part  of  the  nitrogen  in  natural  manures. 

It  will  be  remembered  that,  beside  nitrates  and  ammonium  salts, 
plants  can  feed  upon  various  other  nitrogenous  compounds,  such  as 
urea,  uric  acid,  hippuric  acid,  guanin,  leucin,  tyrosin,  and  the  like ; 
beside,  doubtless,  many  other  compounds  which  have  not  yet  been 
isolated  and  examined. 

It  is  known  that  urine  and  dung,  i.  e.  farmyard-manures,  contain 
a  variety  of  these  compounds,  and  there  is  every  reason  to  believe 
that  their  presence  in  natural  manures  is  particularly  beneficial  for 
the  growth  of  crops  in  many  cases. 

As  has  been  set  forth  in  Volume  I  of  the  Bulletin  of  the  Bussey 
Institution,  we  are  forced  to  admit  the  presence  of  some  soluble 
nitrogen  compounds  other  than  ammonia  or  nitrates  in  farmyard- 
manure,  in  order  to  explain  certain  familiar  facts  in  respect  to  the 
diffusion  or  soakage  of  dung-liquors  in  the  soil. 

As  every  farmer  knows,  the  earth  of  a  field  may  become  perfectly 
saturated  with  soluble  nitrogen  compounds  to  a  very  considerable 
depth  at  the  spots  where  dung-heaps  have  lain  undisturbed  for 
some  time.  Indeed,  the  places  where  dung  has  lain  are  often  un- 
fitted  for  the  growth  of  useful  plants,  other  than  some  rank-grow- 
ing tropical  vegetables,  such  as  water-melons  or  pumpkins. 

Now  the  nitrogen  compounds  which  thus  surcharge  the  soil  are 
evidently  not  ammonium  salts,  for  ammonia  would  be  fixed  near 
the  surface,  and  could  not  sink  so  far  into  the  earth.  Nor  are  they 
nitrates,  for  dung-liquors  are  seldom  rich  in  this  form  of  nitrc^en. 
For  the  present,  it  is  known  only  that  they  are  soluble  organic 
nitrogen  compounds,  probably  of  the  same  order  as  some  of  those 
whose  names  have  just  been  enumerated.  Perhaps  there  are  sev- 
eral different  compounds  ;  but,  however  that  may  be,  the  facts  go  to 
show  that  the  nitrogenous  dung-liquor  soaks  into  the  ground  with 
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especial  ease ;  that  it  diffases  itself,  within  certain  limits,  in  all  di- 
rections ;  that  it  does  not  decompose  very  rapidly  in  cool  weather ; 
that  plants  are  particularly  fond  of  it ;  and  that  it  is  not  so  easily 
washed  out  of  the  land,  perhaps,  as  nitrates  are.  From  all  this,  it 
is  manifest  that,  untU  we  can  copy  this  valuable  peculiarity  of  the 
dungs,  our  so-called  artificial  processes  of  fertilization  will  labor 
under  one  great  disadvantage. 

The  experiments  just  now  alluded  to  as  having  been  reported  in 
the  Bussey  Bulletin  were  as  follows.  During  a  couple  of  years, 
trials  had  been  made  with  a  variety  of  fertilizers  upon  a  level  field, 
a  part  of  which  had  purposely  been  left  bare,  in  order  that  it  might 
be  used  subsequently  for  another  set  of  experiments.  Some  of  the 
expenments  of  the  early  years  required  dung,  and  a  place  was  set 
apart  expressly  for  the  reception  and  storage  of  it.  But  it  was 
found  to  be  impracticable  adequately  to  guard  the  premises  against 
irresponsible  teamsters,  and,  in  fact,  several  loads  of  the  manure 
were  deposited  by  mistake  upon  the  fallow  land. 

Pains  were  taken  immediately  to  remove  this  misplaced  manure 
as  completely  as  possible,  and  the  spots  where  it  had  been  thrown 
were  carefully  marked.  Finally  it  was  found,  when  the  fallow 
land  came  to  be  planted,  in  1873,  that  rather  better  crops  grew  on 
the  places  where  the  dung  had  fallen  than  upon  the  adjacent  land, 
although  this  last,  as  well  as  the  dunged  land,  had  received  large 
dressings  of  mixtures  of  phosphatic,  nitrogenous,  and  potassic 
manures.  It  was  plain  that  the  dung  had  made  itself  felt,  even 
when  in  presence  of  a  large  excess  of  the  chemical  fertilizers. 

Thanks  to  its  easy  and  even  diffusion,  and  perhaps  to  its  being 
able  to  supply  nitrogen  continuously  to  the  plants  throughout  the 
season,  or  to  its  being  able  to  supply  nitrogen  in  some  peculiarly 
favorable  form,  or,  possibly,  to  the  presence  in  it  of  useful  micro- 
organisms, the  dung  did  unquestionably  exhibit  a  kind  or  form  of 
power  which  the  commercial  fertilizers  lacked. 

Of  course,  an  experiment  such  as  this  goes  far  to  justify  and 
support  the  prejudice  of  practical  farmers,  that  dung  is  really  a 
better  manure  than  the  plants  from  which  it  came.  It  goes  to 
show  withal,  and  that  emphatically,  that  the  ploughing  in  of  a  green 
crop  may  be  a  very  inferior  method  of  manuring,  as  compared 
with  the  common  system  of  transforming  the  crop  to  dung  by 
means  of  cattle,  and  then  putting  the  dung  upon  the  land.  But  if 
this  inferiority  be  real,  a  fatal  blow  is  struck  at  Boussingault's 
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dictum  that  cattle  are  dissipators  of  manure ;  and  we  are  compelled 
to  accept,  with  but  little  reservation,  the  old  and  widely-spread 
prejudice,  that  there  is  nothing  like  dung  and  urine. 

Experiments  by  Eellner  have  shown  that  soils  do  not  fix  and 
hold  urea,  as  they  do  ammonia ;  and  it  is  to  be  remembered,  in 
respect  to  fresh  manure,  that  urea  is  by  far  the  most  important  of 
the  soluble  nitrogen  compounds,  which  are  contained  in  it.  But 
it  is  evident  from  the  foregoing  statements,  that  beside  urea, 
there  are  other  organic  nitrogen  compounds  available,  and  ex- 
tremely useful  for  plants,  not  only  in  fresh  manure,  but  also  in 
that  which  has  been  thoroughly  rotted. 

Old  Manure  Helps  Artificiala. 

Some  of  the  experiments  made  to  test  the  value  of  humus  bear 
upon  this  point,  since  they  clearly  illustrate  the  fertilizing  power 
of  the  organic  nitrogen  in  manure.  Thus  Corenwinder  obtained 
the  results  given  in  the  following  table,  by  growing  one  beet-plant 
in  a  pot  of  sand  watered  with  a  solution  of  ash-ingredients  and 
nitrates,  and  another  in  vegetable  mould  from  a  compost-heap, 
which  was  practically  thoroughly  decomposed  horse-manure. 

There  wu  harvnted  from  the 
Sand.  Compoet. 

Grm.  Grm. 

Leaves 270.00  2,660.00 

Boots 490.00  1,145.00 

Sugar  in  100  grm.  of  Juice     ....  12.26  10.60 

Sugar  in  the  root 60.07  121.37 

There  are  the  experiments  also  of  Deh^rain,  who  added  the 
black  matter  of  rotted  manure  to  earth  taken  from  a  field  which 
had  been  cropped  for  a  dozen  years  without  manuring,  and  had 
become  so  much  exhausted  that  beets  and  clover  grown  upon  it 
were  miserable.  There  was  found  in  this  soil  no  more  than  0.7  % 
of  carbon,  in  the  form  of  organic  matter,  instead  of  1.6  %  as  in 
fields  which  had  been  regularly  manured.  Various  artificial  ferti- 
lizers were  added  to  pots  of  this  earth,  in  some  cases  with  and  in 
others  without  admixtures  of  the  black  matter  of  wcU-rotted 
manure,  and  oats  and  hemp  were  grown  in  the  pots,  as  stated  in 
the  following  table :  — 

Grope  hMTveeted. 

Mlxlnres  in  Use  pots.                                           Oats.  Hemp. 

Grm.  Grm. 
Good  8oU,  nuumred  in  proTioue  yean,  but  not  in  1890,  the  year 

of  the  experiment 35.8 

L  soil,  without  any  addition 19.7  15.5 

'    with  artificial  fertilisers 28.8  22.8 

'       "    bUiclc  matter  of  well-rotted  manure .    .    .    23.5  25.7 

"    blaek  matter  and  artificials 30.7  88.4 
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For  the  hemp  in  particular  the  nitrogen  of  the  organic  matter 
did  excellent  service. 

Deh^rain  urges,  as  a  matter  of  practical  experience,  that  in 
seeking  to  recuperate  land  which  has  been  exhausted  by  cropping, 
artificial  fertilizers  alone  will  not  suffice. 

The  significance  of  the  dung-nitrogen  as  an  adjunct  to,  or  re-en- 
forcement of  nitrate-nitrogen,  is  well  shown  by  some  experiments 
made  by  Deh^rain,  in  France,  on  a  light,  slightly  calcareous  soil, 
as  set  forth  in  the  following  table.  In  each  of  the  4  years,  oats 
did  best  when  dressed  with  a  mixture  of  manure  and  nitrate,  but, 
ordinarily,  they  did  better  with  manure  alone  than  with  nitrate 
alone.  It  will  be  noticed  that  in  the  favorable  season  of  1880,  a 
very  heavy  crop  was  got  from  the  mixture.  There  were  harvested 
in  the  stated  years,  the  given  numbers  of  hectolitres  of  oat-grain 
from  one  hectare  of  land :  — 

1878.  1879.  1880.  1881. 

Noxnannra 51.10  27.90  63.70  31.00 

Nitrate  of  todft 64.40  88.40  40.26  29.00 

Farm-nuiniire 62.30  62.40  48.80  32.76 

FanB-mamire  and  nitnte  of  toda    ....    66.20  66.30  82.60  66.00 

In  a  subsequent  year  (1888),  Deh^rain  harvested  84  hectolitres 
of  oats  to  the  hectare  of  land,  from  a  field  which  had  been  dressed 
lightly  with  a  mixture  of  farm-manure  and  nitrate  of  soda,  while 
71  hectolitres  were  got  from  a  field  that  received  no  manure.  In 
this  year  also,  he  harvested  59  and  60.3  hectolitres  of  wheat,  re- 
spectively, to  the  hectare,  from  fields  which  bad  been  dressed  with 
a  mixture  of  farm-manure  and  nitrate  of  soda.  But  he  urges  that 
it  is  upon  sugar-beets  that  the  mixture  produces  the  most  marked 
effects.  Thus,  he  obtained  kilos,  of  beet-roots  to  the  hectare  of 
land  from 

In  1887.  In  1888.  In  1889. 

Nitrate  of  loda  alone 20,700  ....  36,600 

Sulphate  of  ammonia  alone 17,800  ....  .... 

Farm-manure  and  nitrate  of  loda 40,000  40,100  40,060 

Sulphate  of  ammonia  and  nitrate  of  soda 26,820  .... 

It  may  here  be  said,  yet  again,  that  the  totality  of  the  niti'ogen 
in  farmyard-manure  is  not  nearly  so  valuable,  pound  for  pound, 
as  that  in  nitrates  and  ammonium  salts.  It  is  only  that  compara- 
tively small  proportion  of  the  nitrogen  in  manure  which  was  con- 
tained in  the  urine  of  the  animals  that  is  to  be  regarded  as  readily 
and  rapidly  available  for  promoting  the  growth  of  plants.  Much 
of  the  nitrogen  in  ordinary  farmyard-manure  was  contained  in  the 
litter  with  which  the  animals  were  bedded,  and  in  the  undigested 
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or  partially  digested  matters  which  have  been  discharged  in  their 
dung,  and  there  can  be  little  doubt  that  some  part  of  this  nitrogen 
must  be  practically  valueless,  or  that  the  remainder  is  of  varying 
degrees  of  inertness  or  efficiency,  while  all  of  the  nitrogen  in  ni- 
trates and  ammonium  salts  is  good,  and  each  particle  of  it  as 
good  as  any  other.  Lawes  and  Gilbert  long  ago  presented  evi- 
dence of  '^  the  much  less  effect  of  a  given  amount  of  nitrogen  sup- 
plied in  farmyard-manure,  than  as  ammonia  salts  or  nitrates/* 
They  found,  in  fact,  that  a  much  larger  proportion  of  the  nitn^en 
in  these  compounds  was  recovered  in  the  increase  of  the  crops 
produced  by  using  them  than  was  recovered  in  the  increase  ob- 
tained on  using  farmyard-manure ;  and  they  showed,  furthermore, 
that  the  addition  of  nitrate-nitrogen  to  farmyard-manure  had  a 
very  marked  effect  on  the  growth  of  crops. 
Ouano  similar  to  Diing. 

The  question  arises  immediately,  Is  there  not  among  all  the  com- 
mercial fertilizers  any  one,  or  perhaps  some  mixture  of  several, 
which  can  be  classed  with  farmyard-manure  in  respect  to  this  use- 
ful diffusibility  of  nitrogen  ? 

Yes ;  there  is  one,  and  that  is  the  so-called  rectified  guano,  — 
"unlocked  guano,"  the  Germans  call  it,  —  i.  e.  Peruvian  guano 
which  has  been  treated  with  sulphuric  acid.  Undoubtedly  the 
original  Peruvian  guano  deserves  to  be  classed  in  the  same  cate- 
gory ;  but,  in  tlie  experiments  here  to  be  cited,  the  rectified  guano 
approved  itself  so  particularly  that  it  will  perhaps  be  best  to  dwell 
upon  it  rather  than  upon  the  unimproved  raw  material. 

In  one  word  then,  it  may  be  said  that  the  most  dung-like  of  all 
the  commercial  fertilizers  is  the  one  best  fitted  to  compete  with 
farmyard-manure.  It  will  be  observed  that  in  this  fact  we  have 
the  strongest  possible  indication  of  the  truth  of  the  dictum,  that  it 
is  the  peculiar  nitrogen  compounds  in  farm-manure  that  give  it  its 
special  power.  Nothing  can  be  more  significant  of  the  fact  that 
this  nitrogen  is  really  the  efficient  cause,  than  the  other  fact,  that, 
in  seeking  to  compete  with  the  dungs,  experimenters  have  been 
forced  at  last,  after  trying  all  other  kinds  of  nitrogenized  ferti- 
lizers, to  rest  contented  with  what  is  really  another  kind  of  dung ; 
or,  at  the  least,  the  experimenters  have  brought  up  at  a  product 
obtained  by  the  chemical  treatment  of  the  bird-dung  (guano)  with 
acid. 

As  is  well  known,  guano  contains,  beside  ammonium  salts,  a 
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quantity  of  uric  acid,  some  gnanin,  and  small  amounts  of  various 
other  nitrogenized  organic  matters,  all  of  wbich  doubtless  have  a 
somewhat  different  action  upon  vegetation  from  the  ammonium 
salts.  Guano  is,  in  short,  one  of  the  most  complicated  of  all  known 
fertilizers. 

About  half  the  nitrogen  in  guano  is  in  the  form  of  ammonium 
salts,  while  the  other  half  is  in  the  form  of  the  organic  compounds 
just  spoken  of ;  and  among  these  organic  compounds  uric  acid  is 
the  most  abundant.  The  true  original  Peruvian  guano,  that  con- 
tained some  12  or  13  %  of  nitrogen,  contained  as  much  as  10  or 
15  <fo  of  uric  acid  in  combination  with  ammonia,  as  has  been  seen. 

The  chemical  composition  and  the  behavior  of  uric  acid  are 
tolerably  well  known,  and  the  same  may  be  said  of  guanin  also ; 
but  of  the  other  nitrogenized  matters  which  occur  in  small  propor- 
tions in  guano  next  to  nothing  has  been  ascertained  hitherto. 
Chemists  ure  ignorant  as  to  the  composition  of  these  things,  and 
as  to  their  relations  to  other  chemical  substances.  It  is  not  known 
in  the  least  bow  they  behave  when  treated  with  sulphuric  acid,  for 
example. 

As  for  the  action  of  sulphuric  acid  on  uric  acid,  it  may  be  that 
some  of  the  uric  acid  is  changed  thereby  to  a  more  soluble  sub- 
stance, though  the  supposition  is  rather  improbable.  It  was  urged 
at  one  time  that  some  of  the  uric  acid  is  changed  to  ammonia 
when  guano  is  acted  upon  by  sulphuric  acid.  But  Grouven  denies 
this,  and  says  that  he  finds  very  little  more  ammonia  in  rectified 
guano  than  in  crude  guano. 

At  first  sight,  the  chances  would  seem  to  be  that  the  uric  acid  in 
rectified  guano  must  come  to  the  earth  as  such,  —  much  as  would 
have  been  the  case  if  the  original  crude  guano  had  been  applied  to 
the  land,  —  and  that  the  only  beneficial  action  of  the  sulphuric  acid 
treatment  is  to  make  the  phosphoric  acid  in  the  guano  soluble. 
But,  as  will  be  seen  directly,  there  is  some  evidence  that  works 
against  this  supposition.  It  may  be  true,  after  all,  that  the  sul- 
phuric acid  does  good  simply  by  killing  the  micro-organisms  in  the 
crude  guano,  and  thus  hindering  the  uric  acid  from  fermenting 
when  the  guano  is  mixed  with  the  soil.  It  is  not  at  all  improbable 
that  uric  acid  can  thus  be  preserved  from  decomposition  for  a  con- 
siderable period  of  time,  and  so  kept  in  fit  condition  to  play  its  own 
peculiar  part  for  helping  the  growth  of  crops.  This  idea  is 
strengthened  by  the  fact  of  observation,  that  guano,  when  admixed 


414  AGRICULTUBB. 

with  a  germicide  Bubstance,  such  as  common  salt,  often  does  par- 
ticularly good  service  as  a  fertilizer. 

That  uric  acid  is  a  substance  which  does  not  decompose  readily 
is  evident  from  the  very  fact  that  so  much  of  it  exists  in  guano,  a 
substance  which  has  long  been  exposed  to  air  and  weather — prob- 
ably for  hundreds  of  years.  Sestini  has  shown  moreover  that 
uric  acid  may  be  kept  unchanged  for  months  when  suspended  in 
water  and  freely  exposed  to  the  air ;  though  both  free  uric  acid 
and  urate  of  ammonia  may  readily  be  decomposed  by  adding  a  small 
quantity  of  putrid  urine  to  the  water,  and  maintaining  it  at  a  tem- 
perature of  75°  or  80°  F.  Two  kinds  of  micro-oi^anisms  have 
been  detected  in  putrid  urine  which  act  as  yeasts  to  ferment  uric 
acid  and  urates  and  change  them  to  carbonic  acid  and  carbonate 
of  ammonia.  For  the  success  of  this  fermentation  both  air  and 
warmth  (as  of  midsummer)  are  necessary,  and  no  nitn^^n  is  lost, 
for  all  the  nitrogen  of  the  original  uric  acid  is  found  again  in  the 
ammonium  carbonate  and  in  the  new  crop  of  micro-organisms 
produced. 

Superiority  of  Ghmno. 

The  first  scientific  inkling  of  the  real  snperiority  of  guano  over 
artificial  mixtures  of  the  so-called  chemical  fertilizers  was  got  by 
the  German  chemist  Grouven,  who  subsequently  studied  the  ques- 
tion in  some  detail. 

In  1862  Grouven  bad  a  number  of  field  experiments  with  fer- 
tilizers carried  out  on  the  large  scale,  upon  twenty  different  farms 
in  various  parts  of  Germany.  On  comparing  the  results  of  these 
experiments,  he  was  struck  with  the  fact  that,  as  a  rule,  the  mix- 
tures of  ammonium  salts  and  superphosphates,  and  of  nitrate  of 
soda  and  superphosphates,  which  had  been  employed,  failed  to 
answer  so  good  a  purpose  as  rectified  guano  did  in  respect  to  the 
size  of  the  crops  harvested,  though  it  had  been  proved  by  analysis, 
at  the  start,  that  the  mixed  fertilizers  contained  amounts  of  ni- 
trogen and  of  soluble  phosphoric  acid  which  were  equivalent  chemi- 
cally to  those  in  the  rectified  guano. 

Grouven  published  some  remarks  upon  this  point  at  the  time,  and 
dwelt  upon  the  noteworthy  circiimstance  that  the  sale  of  rectified 
guano  was  steadily  gaining  ground  in  Germany,  as  it  had  been  for 
some  little  time  previously,  in  spite  of  constant  efforts  on  the  part 
of  the  manufacturers  of  fertilizers  to  compound  a  mixture  artifi- 
cially which  should  be  equally  good  with  the  guano.     So  long  ago 
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as  1872  a  large  proportion  of  all  the  guano  imported  into  Germany 
was  treated  with  sulphuric  acid  before  it  reached  the  farmers' 
hands. 

In  order  to  be  perfectly  sure  of  the  facts,  as  above  stated,  Grou- 
ven  repeated  his  experiments  in  a  very  thorough  way.  He  had  a 
number  of  trials  carried  out  during  four  years  by  several  different 
farmei-s  of  repute,  to  whom  he  furnished  fertilizers  which  had  been 
analyzed  after  very  careful  preparation.  These  fertilizers  were 
designated  by  numbers  merely,  so  that  the  actual  experimenters  — 
the  farmers  to  whose  land  they  were  supplied  —  had  no  precise 
knowledge  of  what  they  were  using,  and  consequently  could  not 
have  had  any  very  forcible  bias  in  favor  of  either  one  of  the  mix- 
tures. 

The  following  table  of  averages,  taken  from  the  great  mass  of 
Grouven's  results,  will  illustrate  the  general  position  of  guano  in 
comparison  with  the  positions  of  other  manures.  It  will  be  seen 
that  the  action  of  the  guano  is  allied  to  that  of  the  dungs,  and  that 
it  is  superior  to  that  of  the  simple  superphosphates,  nitrates,  and 
ammonium  salts :  — 

InGBEASE  of  CBOP  PEB  HeOTABB  OVQB  THB  UnBUNOED  FIBI1D& 
(1  eentn.  beets  —  }  thaler ;  1  centn.  oata  =  2  tbalen ;  1  eevXn.  straw  =  }  thaler.) 


Mannre  per 
Hectare  in  1662. 
•        (1  centn.  =  60  kUoe.) 

1862 

Sngar.Beete. 

Arerage  of 

20  Fields. 

Thalers. 

1863.                    1864. 

Oatii  and  Straw.    Beel^Rooto. 

AveraiEe  of        Ayenure  of 

13  FieldB.           12  Fields. 

Thalers.             Tbalen. 

Cost  of  the 

Manures 

per  Hectare, 

In  Thalers. 

700  centn.  cow-dung  . 

.     54.4 

20.8                35.6 

72 

700     "       horse-dung 

.     67.6 

30.4                58.0 

80 

700     "       sheep-dung 

.     84.4 

38.4                55.2 

90 

6.3  Peruvian  guano  .    . 

.     50.8 

11.6                15.6 

30 

12.6 

.    71.2 

16.4               16.0 

60 

25.2        " 

.     95.2 

30.8               31.6 

120 

15.6  superph.  ^  13  %    . 

.     .     35.2 

5.2               31.2 

34 

31.2        "              "      . 

.    42.4 

5.2               35.6 

68 

6.3  sulphate  of  ammo 

nia    19.6 

0.0                 0.0 

36 

12.6        "                     " 

.    46.0 

4.0                 0.0 

72 

5.9  nitrate  of  soda    .    . 

.     34.8 

2.8                 0.0 

34 

11.8      "             '*        .    . 

.     56.8 

5.2                 0.0 

68 

All  the  dungs,  fertilizers  and  seeds  came  from  one  and  the  same 
source.  The  sowing  and  harvesting  were  done  on  the  same  days, 
and  the  plan  of  all  the  experiments  was  the  same. 

Of  course  it  would  be  natural,  in  so  far  as  this  table  alone  goes, 
to  explain  a  good  part  of  the  differences  by  falling  back  upon  the 
fact  that  guano,  like  the  dungs,  is  a  tolerably  complete  manure, 
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while  the  superphosphates  and  the  nitrogen  compounds  are  special 
manures,  and  altogether  one-sided  ;  but,  as  will  be  shown  directly, 
this  explanation  is  wholly  insufficient. 

As  confirming  Grouven's  results,  the  following  table,  drawn  up 
by  Stoeckhardt,  may  be  cited.  It  was  published  in  1862  as  a  com- 
pilation from  all  the  field  experiments  on  sugar-beets  that  had  been 
reported  during  several  preceding  years :  — 

FeruTUn  gnano  gare  better  crops  than  nitrate  of  aoda  in  .  11  out  of  22  ezperimenta 

Better  than  ammonium  Mlta  in 9  "10  ** 

Better  than  bone-meal  in 25  *<     40  " 

Better  than  inperphoephate  in 28  "82  " 

Better  than  rape^ake  in 20  "28  •• 

Better  than  cow- and  farmyard-manure  in 14  "17  ** 

Better  than  horte-mannre  in 6  "12  " 

Better  than  nrine  or  bamyard-liqaor  in 13  "18  " 

These  results,  as  well  as  those  obtained  by  Grouven,  are  tolera- 
bly emphatic.  But  at  the  time  of  these  trials,  as  Grouven  reports, 
the  reproach  was  constantly  made  that  the  use  of  guano  alone  must 
be  injudicious.  It  was  urged  that  the  guano  contained  too  much 
nitrogen  in  proportion  to  its  other  ingredients ;  that  it  was  conse- 
quently one-sided,  and  must  inevitably  tend  to  exhaust  the  land. 
It  was  argued  that  it  is  too  uncertain,  especially  in  dry  years,  and 
too  costly.  The  advice  was  repeated  upon  every  hand,  that  guano 
had  better  be  used  in  conjunction  with  other  cheaper  fertilizers, 
such  as  the  superphosphates,  bone-meal,  and  potash-salts,  or  even 
with  ammonia-salts,  or  with  nitrate  of  soda,  so  that  no  more  than 
half  the  cost  of  manuring  a  field  should  be  spent  upon  guano. 
Additions  to  Chiano. 

Among  other  receipts,  the  following  were  often  recommended, 
viz.,  half  guano  and  half  potash  salts ;  also  one-third  guano,  one- 
third  potash-salts,  and  one-third  superphosphate ;  so,  too,  mixtures 
of  guano  and  sulphate  of  ammonia,  and  of  guano  and  nitrate  of 
soda,  were  recommended  as  powerful  forcing  manures  ;  and  it  had 
been  claimed  at  one  time  or  another,  for  all  of  these  mixtures,  that 
they  were  surer  and  more  profitable  than  guano  alone. 

Grouven  proceeded  to  put  some  of  these  suggestions  to  the  test 
of  experiment.  Like  most,  if  not  all,  agricultural  chemists,  he  had 
believed  a  priori  that  many  such  partial  substitutions  as  the  fore- 
going would  really  be  more  rational  than  the  use  of  guano  alone. 
It  is  probable  that  his  real  purpose  in  trying  the  mixtures  was  to 
find  which  among  them  was  the  most  efficient. 

He  tried  mixtures  in  which  one-third  or  one-half  of  the  guano 
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had  been  replaced  by  two  other  fertilizers  of  equal  cost  with  the 
guano  that  had  been  removed.     His  results  were  as  follows :  — 


No.  of  Ftoldi 

No.  of  Comparl- 

No.  of  Resn'ta 

Ytar. 

of  from  1  to  14 

tonswith 

that  were  favorable 

Hectare!. 

Guano. 

for  the  Goaiio. 

1861  .     .     . 

.     .         10 

20 

18 

1862  ..     . 

.     .         24 

72 

46 

1863  .     .     . 

.     .         13 

39 

31 

1864  .     .     . 

.     .        12 

36 

21 

1865  .     .     . 

.     .          8 

40 

27 

1866  ..     . 

.     .        13 

91 

39 

1868  .     .     . 

.     .        11 

44 

27 

1869  .     .     . 

.     .        16 

16 

7 

1871  .     .    . 

.     .          7 

28 

22 

1872  .     .    . 

.    .          3 

3 

2 

Sum  .    . 

.    .       117 

389 

240=62% 

That  is  to  say,  of  889  experimental  plots  on  117  different  fields, 
there  were  240  results  favorable  to  the  use  of  simple  guano. 
There  were  only  38  results  in  a  hundred  where  the  guano  alone 
yielded  smaller  crops  than  the  mixtures  of  guano  and  other  fer- 
tilizers. 

Of  course  this  result  applies  to  rich  German  lands,  and  doubt- 
less to  soils  which  were  more  evenly  and  abundantly  supplied  with 
moisture  than  most  New  England  soils  are,  for  example.  There 
is  nothing  in  the  results  to  dissuade  us  Americans  from  using  pot- 
ash-salts with  guano,  or  from  using  guano  in  small  quantities  as 
an  addition  to  other  manures.  But  as  an  illustration  of  the  pecu- 
liar attribute  of  guano  now  under  discussion,  the  results  are  not  a 
little  remarkable.  It  may  be  said,  indeed,  that  the  table  really 
means  more  than  Grouven  claimed  Ifor  it,  since  it  shows  so  well  the 
peculiar  efficacy  of  the  nitrogenous  matters  in  guano  when  added 
to  good  strong  land,  such  as  the  best  fields  of  Germany  are. 
The  soil  of  the  fields  where  these  experiments  were  tried  was 
naturally  rich  and  strong.  It  needed  an  excitant  rather  than  a 
mixture  of  fertilizers;  and  the  results  given  in  the  tables  show 
that  guano  and  the  dungs  afforded  the  necessary  nitrogenous  ex- 
citation. 

Crude  Cfuano  Inferior  to  Bedified. 

Next  in  order  came  experiments  in  which  plain  guano  and  recti- 
fied guano  were  contrasted.  The  following  table  relates  to  sugar- 
beets.     Each  plot  got  47  thalers'  worth  of  fertilizer.     The  crops 

TOL.  11-27 
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are  the  means  obtained  from  thirteen  different  fieldB,  each  one 
hectare  in  area :  — 

360  Centn.  10  Centn.  10  Cento. 

1866.                UnxDanmed.       Beet  Stable-  Grade  Penu  Rectified 

Manoxe.  yian  Onano.  Goano. 
Ezoeee  of  crop  (waehed  rooti) 

orer  the  nnmanared 46.0  cento.  85.0  cento.  103.0  oontn. 

Per  cent  of  eoKar  in  the  jnice       13.7                    13.6  13.6  14.1 
Degrees  marked  by  Brlx'i  hy- 
drometer             16.4                     16.8  16.8  16.6 

Other  matters  beside  sugar  in 

the  Juice,  per  mille     .    .    .       27.0                    28.0  32.0  26.0 
Increase  of  sugar  over  the  un- 

manured 6.2  cento.  11.5  cento.  14.6  centn. 

Here  is  a  marked  increase  of  crop  in  favor  of  the  rectified  guano, 
as  compared  with  the  crude ;  and  the  result  was  true,  not  merely 
for  the  average  of  all  the  cases,  but  for  the  gi*eater  number  of 
cases  as  well.  And  it  is  remarkable  that  the  rectified  guano  was 
so  much  better  than  the  crude,  in  spite  of  the  fact  that  the  1,100 
lb.  of  crude  guano  which  were  used  to  the  hectare  (440  lb.  to  the 
acre)  contained  one-fifth  more  nitrogen  and  one-fifth  more  phos- 
phoric acid  than  were  contained  in  the  same  weight  of  the  rectified 
guano. 

The  rectified  guano  crops  gave  a  much  purer  juice  withal.  They 
contained  more  sugar  and  less  saline  matter  than  the  others.  But 
a  pure  jnice  like  this  is  a  great  gain  for  the  sugar-maker,  since  in 
the  absence  of  salts  and  other  impurities  the  sugar  crystallines  out 
more  readily  and  more  completely.  Sugar  makers  prefer  not  to 
have  either  stable-manure  or  artificial  fertilizers  applied  directly 
to  their  beets.  They  would  like  to  have  the  crop  grown  after 
wheat,  or  other  grain,  which  had  been  manured.  But  in  the  ex- 
periments above  cited,  even  the  undunged  fields,  which  are  com- 
monly held  to  yield  the  purest  sap,  gave  results  which  were  in- 
ferior in  this  respect  to  the  fields  that  had  been  dressed  with  the 
rectified  guano. 

This  result  is  remarkable  from  the  scientific  point  of  view,  and 
may  perhaps  lead  eventually  to  a  clearer  understanding  of  how 
and  why  it  is  that  plants  take  in  the  unnecessaiy  salts.  Grouven 
remarks,  that,  while  no  fertilizer  or  mixture  of  fertilizers  known 
to  him  has  in  general  so  beneficial  an  effect  upon  the  quality  of 
beet-juice  as  rectified  guano,  no  such  effect  can  be  attributed  to 
crude  guano.  On  the  contrary,  the  tendency  of  cnide  guano  is, 
if  anything,  to  injure  the  quality  of  beet- juice.  From  this  fact, 
Grouven  draws  the  inference  that  the  action  of  sulphuric  acid  upon 
guano  must  be  in  reality  more  emphatic  than  any  one  would  have 
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been  disposed  to  believe  a  priori.  He  argaes,  that  no  mere  change, 
such  as  the  fixing  of  the  ammonia  in  the  guano,  or  the  rendering 
of  its  phosphoric  acid  soluble,  can  be  supposed  to  produce  a  phy- 
siological effect  upon  the  beet-root  so  striking  as  this  alteration  of 
the  juice.  But,  as  was  suggested  before,  it  is  not  impossible  that 
the  sulphuric  acid,  by  destroying  ferment  germs  in  the  crude 
guano,  may  hinder  its  uric  acid  from  changing  either  to  ammonium 
carbonate  or  to  nitrates,  and  so  permit  the  uric  acid  to  feed  crops 
in  its  own  peculiar  way  during  a  considerable  part  of  their  terms 
of  growth. 

«'  Ghmno  Substitutes.^' 

Grouven  next  proceeded  to  contrast  rectified  guano  with  certain 
so-called  substitutes  for  it  that  had  been  thrown  upon  the  German 
market  in  large  quantity.  One  of  these  guano  substitutes  was  a 
mechanical  mixture  of  50  lb.  of  sulphate  of  ammonia,  with  about 
9|^  lb.  of  nitrogen,  and  50  lb.  of  Baker  Island  superphosphate, 
with  about  9 J  lb.  of  soluble  phosphoric  acid ;  while  another  (less 
common)  was  62  lb.  of  nitrate  of  soda,  with  about  9  J  lb.  of  ni- 
trogen, and  50  lb.  of  Baker  Island  superphosphate,  with  9^  lb.  of 
phosphoric  acid. 

Of  the  first  of  these  mixtures  100  lb.,  and  of  the  second  112  lb., 
were  very  nearly  chemically  equivalent  to  100  lb.  of  the  rectified 
guano  with  which  they  had  to  compete. 

It  will  be  noticed  that  Grouven  leaves  the  potash  in  the  guano 
entirely  out  of  the  account,  which  is  unfortunate  for  the  New  Eng- 
lander,  since  he  cannot  escape  the  conviction  that  it  must  have 
had  a  certain  amount  of  beneficial  action.  It  is  to  be  remembered, 
however,  that  many,  if  not  most,  of  the  rich  German  soils  contain 
an  abundance  of  potash,  and  that  there  was  a  mass  of  farm  ex- 
perience to  justify  Grouven  and  the  makers  of  fertilizers  in  neg- 
lecting potash.  In  the  experiments  where  crude  guano  and  recti- 
fied guano  were  contrasted,  there  was  of  course  more  potash  in 
the  crude  than  in  the  rectified  material. 

As  for  the  guano  substitutes  just  spoken  of,  the  cost  of  either 
of  them  was  very  nearly  the  same  as  tlie  cost  of  rectified  guano, 
at  the  time  when  Grouven  made  his  experiments. 

Okntmhus  of  Potatobb  FEB  1  Hbotabe,  MsAim  OF  11  Habvests 

FOB  1867. 

MA  rtm^*^  7.1  Centn.  Nitrate  of       5.6  Cento.  Snlph.  .^  rw,*» 

831  3U  373  381 
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Since  the  average  yield  of  the  unmanured  plots  was  803  cent- 
ners of  potatoes,  it  appeared  that  the  increase  was  28,  71,  70,  and 
78  centners,  respectively.  Moreover,  the  potatoes  from  the  recti- 
fied guano  fields  were  somewhat  richer  in  starch  than  those  from 
the  other  fields. 

Gentnebs  of  Potatoes  per  1  Hbotabb,  Means  of  15  Habvebtb 

FOB  1869. 

5.3  Centn.       7  Ontn. 

Bnlph.  Am-    Nitrate  Soda  470  Centn.       10  Centn. 

NoUannre.   monU  +  5.3  +5.3  Centn.  Stable-          Rectifled 

Centn.  Super-    Snperphoa-  Manure.         Femyian 

phoapbate.          piiate.  Quano. 

Mean  total  harvest.    304  349  353  364  369 


Mean  increase     . 

•    ... 

45 

49               60 

65 

Means  of  7  Harvests 

FOB  1871. 

No  Manure. 
Total  .    .    227 

300  Centn. 

Stoble. 

Manure. 

248 

3.1  Centn.  Snlpb. 
Ammonia  +  7.3 
Centn.  Snperpb. 

252 

3.6  GentD.  Nitrate 

Soda  +  7.3  Centn. 

Buperph. 

262 

7Cenln. 

Beddiled 

Guano. 

282 

Increase .    ... 

21 

25 
Fob  1872. 

35 

55 

Trial  No. 

1 

No  Manure. 

Centn. 

PoCatoee. 

84 

4.0  Centn.  Sulph. 
Ammonia  +  6.8 
Centn.  Superph. 

141 

t.4  Centn. 

Beotifled 

Onano. 

181 

2 

235 

323 

332 

3 

289 

430 

380 

Gronven  very  justly  remarks  that  the  reader  must  not  be  de* 
ceived  by  the  absolute  smallness  of  the  numbers  as  here  cited. 
Since  the  figures  are  the  means  of  many  experiments,  —  some  of 
which  were  of  no  account  either  way,  and  some  of  which  gave  re- 
sults that  were  contrary  to  the  majority  of  the  results,  —  they  can 
hardly  fail  to  be  small.  But  they  nevertheless  represent  the  real 
superiority  of  the  rectified  guano.  Moreover,  it  is  a  fact  that, 
out  of  36  different  fields,  the  rectified  guano  gave  decidedly  better 
results  in  24  instances  than  its  ammoniacal  competitors.  That  is 
to  say,  the  guano  gained  the  day  in  two  out  of  every  three  of  the 
trials.  So  too,  out  of  33  fields  where  the  rectified  guano  was  put 
in  competition  with  mixtures  of  nitrate  of  soda  and  a  superphos- 
phate, the  guano  excelled  in  22  instances,  or  two  times  out  of 
three,  again. 

Taking  the  whole  46  cases  (24  -|-  22)  where  the  guano  gave  the 
best  results,  it  appeared  that  the  average  excess  of  crop  due  to  the 
guano,  over  and  above  what  was  yielded  by  the  substitute,  was 
3,322  lb.  of  potatoes  per  hectare.  But,  on  the  other  hand,  in  the 
23  instances  (12  -|~  ^^)  ^^^^^  ^®  substitutes  for  guano  gave  the 
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best  ci*op8,  it  appeared  that  the  gain  over  the  guano  was  no  more 
than  2,G84  lb.  of  potatoes  per  hectare.  Or,  to  sum  up,  the  recti- 
fied guano  was  better  than  the  proposed  substitutes  in  two-thu:ds 
of  all  the  trials,  and  produced  on  the  average  some  1,300  and  odd 
pounds  of  potatoes  more  per  acre  than  the  equally  costly  sub- 
stitutes. 

Ouano  on  Grain, 

It  might  be  said,  indeed,  by  some  persons,  that,  although  the 
foregoing  statements  may  be  true  enough  as  regards  potatoes,  they 
might  not  hold  true  for  grain.  But  the  burden  of  proof  would  lie 
upon  whoever  was  bold  enough  to  make  such  a  suggestion  as  this ; 
for  it  is  well  known  that  guano  is  an  excellent  application  for 
grain,  and  that  the  more  thoroughly  a  manure  can  diffuse  itself 
into  all  parts  of  the  soil,  so  mi^ch  the  better  will  the  grain-crop  be  " 
suited ;  and,  as  Grouven  urges,  it  is  precisely  this  power  of  rapid 
and  useful  diffusion  which  makes  the  rectified  guano  a  better  fer- 
tilizer than  the  substitutes.  The  objection  would,  moreover,  have 
been  refuted  by  the  fact  that  by  far  the  larger  part  of  the  recti- 
fied guano  sold  in  Germany  at  that  time  was  used  upon  grain- 
crops. 

Grouven  cites  the  following  experiments  as  illustrating  this  fact 
of  useful  diffusion.  Two  loamy  fields,  that  had  not  been  manured 
for  five  years,  were  divided  into  plots  of  1,900  square  feet.  Barley 
was  grown  upon  one  of  these  fields  one  yeai*,  and  the  year  after 
wheat  was  grown  upon  the  other.  The  results  were  as  follows  :  — 

,  The  Uimiire  contained 

1867.                                                   ofsoloble  Harrest. 

Ist  Field.  — Barley.             of  Nitrogen.    Phoeph.  Acid.  Gndn.       Straw, 

lb.                    lb.  lb.             lb. 

No  manure ...  13.6        36.7 

13.41b.  phosphate  of  ammoDia  2.8  7.2  14.6         36.0 

201b.  guano 2.8  2.6  34.4         66.6 

1868 
2d  Field.  — Wheat. 

No  manure ...  36.2         66.9 

11.91b.  phosphate  of  ammonia  2.5  6.4  43.0         77.9 

18.81b.  guano 2.6  2.4  65.9       158.0 

The  upshot  of  the  matter  is,  clearly,  that  the  nitrogenized  con- 
stituents of  the  guano  do  better  service  than  the  nitrogen  of  the 
ammonia  compounds  and  the  nitrates ;  or,  rather,  that  they  do  a 
certain  kind  of  service  which  the  ammonia  salts  and  the  nitrates 
are  unable  to  perform. 

Both  the  ammonium  salts  and  the  nitrates  are  well  enough  as  far 
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as  they  go,  and  it  may  perhaps  be  true  that  the  ammonia  salts  in 
gnano  do  as  much  good  as  either  of  the  other  nitrogenous  constitu- 
ents which  the  guano  contains,  or  even  more.  But  there  is  evi- 
dently some  substance  in  guano,  and  in  animal  excrements  in 
general,  which  helps  and  reinforces  the  ammonium  salts. 
Not  all  the  Nitrogen  in  Dung  is  Perfect. 

As  was  just  now  urged,  it  is  well  understxKKl  as  a  matter  of 
course,  that  only  a  comparatively  small  part  of  the  nitrogen  in 
ordinary  farmyard-manure,  and  especially  in  manure  which  is  well 
rotted,  can  be  in  the  active,  easily  assimilable  condition  so  much 
insisted  upon  in  the  foregoing  paragraphs.  It  is  perfectly  well 
known  in  fact  that  a  large  proportion  of  the  nitrogen  in  farm- 
manure  is  not  immediately  available  for  crops,  and  there  is  good 
reason  to  believe  that  much  of  it  first  becomes  fit  food  for  plants 
when  subjected  to  the  process  of  nitnfication.  But  it  is  none  the 
less  true  that  a  considerable  part  of  the  nitrogen  in  dung  and  mine 
exists  in  peculiarly  valuable  forms,  and  the  inference  is  not  far 
to  seek  that  specially  useful  results  may  be  gained  in  many  cases 
by  applying  moderate  dressings  of  fresh  manure  in  conjunction 
with  appropriate  mixtures  of  artificial  fertilizers. 

It  is  true  that,  taking  one  year  with  another,  Lawes  and  Gilbert 
were  able  to  grow  as  large  crops  of  wheat  and  of  barley  by  means 
of  mixed  artificial  fertilizers  as  with  dung.  But  the  question  of 
paramount  interest  is,  how  to  use  together  mixtures  of  dung  and 
artificials,  in  order  to  get  the  best  economic  results.  During  32  con- 
secutive years  Lawes  and  Gilbert  applied  farmyard-manure,  to  one 
plot  of  wheat-land  at  the  rate  of  14  long  tons  —  estimated  to  con- 
tain 200  lb.  of  nitrogen  —  per  year  and  per  acre,  while  to  another 
plot  they  applied  a  mixture  of  mineral  fertilizers  and  86  lb.  of  ni- 
trogen, in  the  form  of  ammonium  salts.  The  averages  of  the 
amounts  of  dressed  grain  and  of  total  produce  (grain  and  straw) 
obtained  per  year  and  per  acre  are  given  in  the  following  table :  — 

ATemgMoz                           Onan,Biiah,  Total,  lb.  Qnin,  BaBh.  Totol,  lb. 

8  years,  1852-59  ....    34.4  6100           35.5  6490 

8  years,  1860-67  ....    35.8  6926           36.3  6262 

8  years,  1868-75  ....    35.3  5932           31.0  5379 

8  years,  1876-83  ....    28.6  4798           28.0  5248 

82  years,  1852^3     ....    33.6  5689  32.8  6845 

40  years 32.4  5516  ... 

In  these  experiments,  it  was  calculated  that  there  was  carried 
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to  the  soil  in  the  farmyard-manure  more  than  twice  the  amount  of 
nitrogen  supplied  by  the  artificial  fertilizers ;  and  it  was  observed 
furthermore  in  the  two  years  1863,  '64,  that  the  total  produce  ob- 
tained from  land  which  had  received  400  lb.  of  dung-nitrogen 
amounted  to  13,653  lb. ;  while  other  land,  which  received  144  lb. 
of  ammonia-nitrogen,  gave  crops  that  weighed  20,043  lb.,  or  more 
than  6,000  lb.  excess  of  crop  in  the  two  years.  In  one  word,  so 
much  of  the  dung-nitrogen  is  in  inert  forms  that  large  applications 
of  it  were  needed  in  order  to  grow  the  same  amount  of  crop  as 
was  produced  by  comparatively  small  quantities  of  nitrogen  in  the 
form  of  ammonium  salts. 

Farmyard-Manure  on  Green  Crops. 
Since  wheat  and  barley  cannot  bear  heavy  dressings  of  dung, 
other  kinds  of  crops  should  naturally  be  looked  to  in  considering 
the  merits  of  dung.  Thus,  Deh^rain  grew  fodder  corn  (maize) 
during  five  successive  years  on  light  land  with  the  result,  as  stated 
in  the  table,  that  farmyard-manure  gave  better  crops  than  mixed 
fertilizers :  — 

KUm  of  Oreen  Crop  to  the  Hectare. 
Kind  of  Fertiliser.  MeanofSYeM*.    LMtYear. 

Kg  manure 47.160  22.500 

Farmyard-manure 79.960  76.600 

Nitrate  of  soda  and  superphosphate  ....    67.210  33.400 

Sulphate  of  ammonia  and  superphosphate  .    .    62.370  33.000 

With  potatoes,  the  results  were  as  follows :  — 

Hectolitrei  to  the  Heetare. 
Kind  of  FertUixer.  Mean  of  6  Yean 

No  manure 244 

Farmyard-manure 303 

Nitrate  of  soda  and  superphosphate 286 

Sulphate  of  ammonia  and  superphosphate  ....  278 

Ghiano  with  Sulphates. 
Some  experiments  may  here  be  cited  in  which  mixtures  of  guano 
and  gypsum,  or  guano  and  Epsom  salt,  gave  good  results  when 
contrasted  with  mere  guano.  These  results  may  perhaps  even- 
tually help  to  explain  the  superiority  of  rectified  guano,  although 
their  full  meaning  cannot  as  yet  be  seen.  Krocker  made  experi- 
ments on  oats  and  on  wheat,  as  follows  :  — 
Oats  on  a  Clay  Soiii. 

Crop. 
On  a  Moigen  (==  0.631  Aere)  of  Land.  Grain.    Straw  and  Chait 

1  cwt.  of  guano 420  2,880 

1  cwt.  of  guano  treated  with  5  lb.  of  sulphuric  acid    440  3,000 

1  cwt.  of  guano  and  1  cwt.  of  gypsum 56Q  3,34Q 
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Oats  on  SAia>Y  Loam. 

On  a  Morgen  (»  0.631  Aere)  of  Land.  Orain."  Siraw  and  ChafL 

1  cwt.  of  guano 608  2,332 

1  cwt.  of  guano  and  5  lb.  of  sulphuric  acid     .    .     .    646  2,643 

1  cwt.  of  guano  and  1  cwt.  of  gypsum 773  2,646 

Wheat  on  a  GiiAY  Soni. 

1  cwt  of  guano 815  2,030 

1  cwt.  of  guano  and  5  lb.  of  sulphuric  acid     .    .    .    880  2,310 

1  cwt.  of  guano  and  1  cwt.  of  gypsum 970  2,370 

These  results  go  to  show  that  the  good  effect  of  the  rectified 
guano  cannot  depend  solely  on  the  existence  in  it  of  soluble  phos- 
phoric acid.  Moreover,  it  can  hardly  be  true  that  the  action  of 
the  gypsum  to  set  free  potash  from  the  double  silicates  in  Ihe  soil 
is  the  sole  cause  of  the  increase  of  the  crops,  for  some  gypsum 
was,  of  course,  formed  by  the  addition  of  sulphuric  acid  to  the 
guano,  as  stated  in  the  second  line  of  each  division  of  the  table. 

Hellricgel  urged  that  sulphate  of  magnesia  mixed  with  guano 
would  decompose  its  ammonium  salts,  with  formation  of  non- 
volatile sulphate  of  ammonia,  which  is  less  subject  to  decomposi- 
tion than  the  urate  and  oxalate.  Experiments  on  winter  rye  that 
were  made  at  his  suggestion  gave  the  following  results :  — 

Grain.       Straw  and  Chaff. 

No  manure 448  1,828 

1  cwt.  guano 544  1,688 

1  cwt.  guano  and  10  %  sulphate  of  magnesia  .    572  1,656 
In  another  locality  the  results  were  as  follows :  — 

1  cwt.  guano .    356  1,294 

1  cwt.  guano  and  10  %  sulphate  of  magnesia .    447  1,627 

Tlie  Merit  of  Dung-Nitrogen  should  be  recognized. 
Although  it  is  not  yet  known  precisely  how  or  when  the  organic 
nitrogen  compounds  in  dung  or  guano  do  their  work  in  the  soil, 
the  fact  of  such  ignorance  should  not  deter  any  one  in  the  least, 
either  from  recognizing  that  a  peculiar  kind  of  work  is  done,  or 
from  allowing  for  it  as  a  practical  force. 

The  chances  are,  that  the  merit  of  the  dung-  or  guano-nltrogen 
depends  not  only  on  its  being  evenly  distributed  in  the  soil,  but 
also  upon  the  fact  that  by  means  of  it  fit  kinds  of  food  are  sup- 
plied to  the  plant  successively,  continuously  and  by  instalments. 
As  has  been  said,  ammonium  salts  are  liable  to  be  fixed  by  the 
soil  too  near  the  surface,  and  to  be  changed  more  or  less  speedily 
to  nitrates  and  to  inert  humus;  while  the  nitrates  tend  to  be 
washed  out  of  the  soil  altogether. 
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Ouano  (and  Dung)  a  very  intimate  Mixture. 

Another  tbiog  to  be  said  is,  that  artificial  mixtures  of  fertilizers 
can  never  be  made  so  intimate  as  the  guanos  and  dungs  are  natu- 
rally. The  smallest  kernel  of  guano,  like  all  the  other  kernels, 
large  or  small,  contains,  namely,  a  great  variety  of  fertilizing 
matters.  But  when  a  mixture  of  an  ammonium  salt  and  a  super- 
phosphate is  scattered  abroad,  or  when  the  two  substances  are 
applied  to  the  land  one  after  the  other,  there  will  inevitably  be  left 
great  gaps  and  interspaces  between  the  unlike  particles  when  they 
fall  upon  the  ground.  To  meet  this  difficulty  some  German  manu- 
facturers of  fertilizers  have  dissolved  a  quantity  of  sulphate  of 
ammonia  in  the  sulphuric  acid  which  they  use  for  making  super- 
phosphates. The  idea  is  that  when  this  acid  is  made  to  act  upon 
a  powdered  rock  phosphate  it  can  hardly  fail  to  commingle  the 
ammonium  salt  with  every  particle  of  the  phosphatic  manure. 

The  futility  of  trying  to  copy  guano  precisely  has  been  urged  by 
Voelcker  in  the  following  terms.  Take  the  case  of  milk,  he  says : 
we  know  the  composition  of  milk  far  better  than  we  know  the 
composition  of  guano.  But  the  best  mixture  we  can  make  of 
casein,  sugar,  butter,  ash-ingredients,  and  water,  all  in  the  proper 
proportions,  can  hardly  be  called  milk,  and  no  one  would  expect 
such  ai-tificial  milk  to  produce  precisely  the  same  physiological 
effect  as  real  milk.  And  so  it  is,  he  goes  on  to  say,  with  our 
substitutes  for  guano. 
The  old  Humus  Theory  an  Expression  of  the  real  Merit  of  Dung, 

It  was  probably  from  observing  the  great,  and,  as  is  now  known, 
the  peculiar,  fertilizing  power  of  barnyard-liquor,  —  which  they 
not  unnaturally  regarded  as  a  solution  of  humus,  —  that  the  older 
agriculturists  were  led  to  attach  an  exaggerated  importance  to 
humus,  considered  as  a  kind  of  plant-food.  Indeed,  the  so-called 
humus  theory,  which  for  many  years  was  a  prominent  article  of 
faith  among  agricultural  writers,  probably  depended  in  good  part 
on  this  observation,  and  on  the  palpable  fertilizing  power  of  well- 
rotted  dung.  When,  for  example,  Hlubeck  said  "the  extract 
from  rotten  organic  remains  forms  the  proper  nourishment  of 
plants,  and  is  the  more  efficacious  in  proportion  as  it  has  come 
from  a  variety  of  animal  and  vegetable  substances, "  it  seems 
plain  that  he  must  have  been  thinking  of  the  drainings  of  dung- 
heaps.  So  too  the  favor  in  which  thoroughly  rotted  dung  was  held 
probably  depended  in  part  on  ita  looking  like  humus ;  while,  con- 
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versely,  much  of  the  credit  so  long  accorded  to  humus  may  justly 
be  attributed  to  its  looking  like  rotted  dung.  The  habitual  use  by 
New  Englanders  of  the  word  ''  muck"  as  a  synonym  of  bog-earth 
is  manifestly  an  expression  of  this  idea. 

Few  Commercial  Fertilizers  diffuse  readily. 

One  of  the  limitations  to  which  most  commercial  fertilizers  are 
subject  was  clearly  indicated  at  the  Bussey  Institution  on  seeking 
to  recuperate  with  chemicals  a  field  of  rather  poor  land,  after  a 
variety  of  experiments  had  been  made  upon  it  during  a  term  of 
years  with  special  fertilizers.  It  then  appeared  that  it  was  no  easy 
matter  to  mix  some  of  the  artificial  fert'dizers  properly  with  the 
soil. 

Excepting  superphosphate  of  lime  and  nitrate  of  soda,  the  fer- 
tilizers appeared  to  be  fixed  for  the  most  part  where  they  fell  upon 
the  exhausted  land ;  and  it  seemed  as  if  the  subsequent  crops  had 
to  struggle  with  streaks  and  seams  of  poor  soil  interspersed  with 
streaks  of  soil  that  were  over-rich  in  respect  to  one  or  another  kind 
of  fertilizing  agent.  These  results  went  to  show  that  the  plough- 
ing-in  of  green  crops  may  have  real  merit  as  a  means  of  refreshing 
worn-out  soils,  considered  merely  as  a  means  of  distributing  the 
fertilizing  matters,  or  rather  of  putting  them  where  they  will  do 
the  most  good,  and  of  bringing  land  into  condition  by  making  it 
fit  for  ferment  organisms  to  live  in. 

Dung  still  needed. 

Some  years  ago,  the  following  computation  was  published  by 
Lawes,  for  the  sake  of  bringing  clearly  into  view  the  importance 
of  Totating  crops  and  of  growing  green  crops  for  feeding  cattle,  in 
order  to  produce  manure ;  and  with  the  view  of  showing  how  in- 
adequate the  artificial  fertilizei*s  then  procurable  were  for  produc- 
ing such  large  quantities  of  grain  as  were  grown  in  Europe.  It 
will  be  noticed  that  the  calculation  relates  to  a  single  English 
county  of  no  great  size. 

"The  county  of  Norfolk  is  said  to  comprise  1,338,880  acres  of 
land:  suppose  one-half  of  this  to  be  cultivated  on  the  four-course 
system,  334,720  acres  will  be  under  corn  every  year.  It  will  not  be 
considered  an  exaggeration  to  say  that  cultivation  in  this  county  has 
increased  the  natural  produce  of  grain  by  10  bushels  per  acre,  and 
according  to  my  calculations  it  would  require  something  like  50  lb.  of 
ammonia  to  be  supplied  in  any  artificial  manure  to  produce  this  in- 
crease of  grain;  and  considering;  one  ton  of  Peruvian  guano  to  con- 
tain 224  lb.  of  ammonia,  it  would  require  an  importation  of  74,714 
tons  to  supply  the  necessary  amount  for  one  year," 
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CHAPTER  XXIII. 

NIGHT-SOIL. 

As  has  been  set  forth  already,  there  can  be  no  doabt  that  fresh 
human  excrements  are  richer  in  fertilizing  matters  than  those  of 
farm  animals.  The  food  of  man  is  commonly  much  more  concen- 
trated than  that  of  animals.  It  is  richer  in  respect  to  niti*ogeu  and 
phosphates,  and,  as  analysis  shows,  the  excrements  derived  from 
such  food  are  correspondingly  concentrated  and  valuable.  Con- 
trasted analyses  of  various  dungs  and  urines  have  already  been 
given  in  Chapter  XIX.,  and  a  just  idea  of  the  merit  of  human 
excrement  may  readily  be  gained  by  comparing  its  composition 
with  the  figures  of  those  tables.  According  to  Wolff,  the  average 
composition  of  human  excrements  is  as  follows :  — 

Organtc  Fhosnh. 

Water.    Matter.  Nitrogen.  Acid.    Potaah.    Lime.  Magneaia. 


% 

% 

% 

% 

% 

% 

% 

Fresh  human  fcDces   . 

77.2 

19.8 

1.0 

1.10 

0.25 

0.62 

0.36 

Fresh  human  urine    . 

96.3 

2.4 

0.6 

0.17 

0.20 

0.02 

0.02 

Mixture  of  the  two    . 

93.5 

5.1 

0.7 

0.26 

0.21 

0.09 

0.06 

Mixture  of  the  two 

in  Japan  (Kellner)  . 

95.0 

3.4 

0.57 

0.13 

0.27 

0.02 

0.05 

As  ordinarily  procurable,  night-soil  is  far  from  containing  so 
large  a  proportion  of  fertilizing  matters  as  fresh  excrement,  be- 
cause of  the  fermentations  and  leachings  to  which  it  is  usually 
subjected,  and  because  of  its  liability  to  be  mixed  with  water  and 
with  other  diluents,  such  as  coal-ashes  and  rubbish.  Indeed,  one 
strong  objection  to  the  use  of  night-soil,  as  obtained  at  random 
from  a  town  or  city,  is  its  great  liability  to  variation.  The  farmer 
can  seldom  be  sure  as  to  the  real  value  of  any  given  load  of  it,  — 
not  nearly  so  sure  as  he  would  be  in  the  case  of  horse-manure  or 
cow-dung.  As  has  been  already  intimated,  many  farmers  near 
Boston  are  willing  enough  to  use  night-soil  provided  they  can  ob- 
tain it  in  the  form  of  fresh  solid  excrement,  and  a  similar  practice 
was  noted  long  ago  Sy  Kuhlmann  in  the  North  of  France,  who 
remarked  that  practical  men  recognize  the  fact  that  those  samples 
of  unadulterated  night-soil  which  contain  the  largest  proportion  of 
solid  matter  (dung)  have  a  more  lasting  fertilizing  effect  than 
samples  which  are  more  liquid,  though  in  case  the  liquid  part  of 
night-soil  was  once  really  urine,  and  not  extraneous  water,  it  will 
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act  more  quickly  as  an  active  nitrogenous  manure  than  the  solid 
excrement  could,  and  is  consequently  as  valuable  for  certain  pur- 
poses as  the  actual  dung. 

Some  conceptions  as  to  the  average  composition  of  fairly  good 
night-soil,  as  taken  from  vaults  not  subject  to  leaching  or  dilution, 
may  be  got  from  the  following  table  of  analyses. 

AnaiiYBEs  of  NiOHT-soHi  (mostly  Liquid)  fbom  Vaitltb. 

^     5i     55     S^     £     3      *      6 


99.66      0.06      0.18     0.03     0.02 


0.64 
1.28 
2.01 
7.36 


8.00 


QoMiioy  (near  Lille  7), 
Glrardin  (not  diluted)*    96.04     2.06     0.92     0.33     0.21 

Ditto,  from  a  hagt  fac- 
tory, much  diluted 
withwater«   .... 

Lille,  from  a  dwelling, 
honae,  diluted  with 
12  to  16%  water*   .    .    ge.86 

Faria,  L*Hdtef .    .    .    .    99.12     1.28     0.44     0.14     ....     0.16 

Mimich,  mostly  liquid  .    96.61 
«<       thick  Uqnid     .    00.62 

Karltmhe,  from  a  laige 
public  collecting  yault 
(NeMler) 96.00 

Ditto,  1864 

Ditto,    "    (filtered)  .    . 

Ditto,  1806 

Ditto,  1883 

Ditto,    "    (thinner).    . 

Ditto,    "  "       .    . 

Ditto,  1886 

Ditto,    "       

Ditto,    "       

Caaeel,  public  Tanlt  into 
which  tubs  from  pri- 
yate  houses  were  emp. 
ti6d(Nee8ler)     .    .    . 

Freiburg,  from  a  public 
collecting  Tault  (NeM- 
ler), 1888    

Ditto,  1888,  from  the  Tanlt 
of  a  priyate  house  .    . 

Nessler's  arerage  of 
many  analyses    .    .    . 

Stuttgart,  from  a  public 
collecting  Tault( Wolff)  94  to  96  1.61  0.43t  0.164).19  0.18-0.21 

Stuttgart,  thicker      .    .    96.40      ....      0.64     0.20     0.27      ... 

Amsterdam  (A.  Mayer)    81.6        9.3      0.66     0.69     0.13     ... 

Amsterdam,  from  bar- 
rels (A.  Mayer)  .    .    .    86.0       12.7       0.91     0.64     0.37      ... 


4 


0.67 
0.44 
0.18 
0.60 


0.40 
0.41 
0.83 
0.36 
0.90 
0.18 
0.16 
0.28 
0.25 
0.29 


0.10 
0.14 
0.26 
0.62 


0.12 
0.19 
0.02 
0.06 
0.06 
0.03 
0.03 
0.(M 
0.03 
0.04 


0.16 


0.17 
0.14 
0.06 
0.19 
0.16 
0.06 
0.06 
0.07 
0.06 
0.06 


0.90 


0.8-1.0 


0.84       0.06     0.12 


0.62      0.14     0.18 


0.31      0.06     0.11 


0.26  0.013 

0.008 

0.008 

0.24    0.31  0.010 

0.012 

0.27     0.24  O.OU 


0.24    0.18  0.013 


0.81    0.26  0.026 


0.27    0.26   0.013 


;  the  second,  0.21  %;  tiie  third,  0.67  %; 


•  TIm  first  specimen  contained  0.76%  of  i 
all  with  traces  of  nitrates. 

t  This  specimen  contained  0.62%  of  ammonia.    The  average  of  12  different  samples  was 
0.87%  of  nitrogen,  the  amount  haying  ranged  from  0.26  to  0.62%. 

1 0.37%  as  ammonia  and  0.06%  as  organic  nitrogen. 


0.24 

0.04 

0.12 

•  ••• 

0.29 

0.01 

o.as 

.... 

0.02 

0.51 

0.26 

2.71 

0.41 

0.12 

0.20 

.... 

0.86 

0.28 

0.20 

0.10 

8.18 

0.69 

0.13 

0.29 

0.02 

0.06 

8.80 

0.67 

0.16 

0.24 

0.02 

0.06 

4.07 

0.80 

0.80 

0.21 

0.03 

0.06 

8.03 

0.66 

0.12 

0.80 

0.01 

0.03 
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▲msterdam,  from  Lier- 
nar's  *  receptacles  (A^ 
liayer) 97.7        1.6 

Groningen,  average, 
moatly   liquid  (Flei- 
scher)     97.10       .... 

Bremen,  ayerage,  solid 
and  Uqnid  (Fleischer)   81.70 

Biga(Thoms)t      .    .    .    9148       4.34 

ATerage  composition  of 
nightsoil  from  cities, 
mostly  liqoid  (WolfE)    96.60       8.00     0.86     0.28     0.20     0.10     0.06 

Japan,t  complete  mix- 
ture of  fresh  solid  and 
liqnid  excrement  as 
carried  out  from  Tokio 
to  the  fiurm-land    .    .    95.31 

Japan,  night-soil  from 
houses  of  middle  class 
Inhabitants  of  Tokio  .    9161 

Japan,  night-soil  from 
soldiers  and  sailors    .    9141 

Japan,  mixture  of  faces 
and  urine  /rom  peas- 
ants living  on  farms 
near  Tokio.    ....    95.29 

Samples  of  fermented  night-soil  from  Lille,  such  as  is  used  in 
Flanders,  gave  Boussingault  and  Payen  0.19  ^  and  0.22  %  of 
nitrogen.  One  hectolitre  (26.4  imperial  gallons)  of  this  material 
weighed  275  lb. 

*  In  the  method  derised  by  Liemnr,  the  soil-pipes  from  the  closets  of  a  considerable 
number  of  houses  are  connected  with  a  central  receiver  sunk  in  the  public  street.  This 
receiver  is  a  tight  iron  ressel  of  spherical  sliape  and  of  about  20  G.  F.  capacity.  At  each 
house  there  is  a  yalve  accessible  from  the  street,  by  means  of  which  the  closet  can  be  shot 
off  from  the  receiver.  The  receiver  is  emptied  every  night,  or  as  often  as  may  be  desired, 
into  an  iron  tank  which,  together  with  a  steam-engine,  is  set  upon  wheels  and  drawn  about 
by  horses.  The  tank  is  put  in  connection  with  the  receiver  by  means  of  an  iron  pipe,  the 
house- valves  are  closed,  and  an  air-pump  is  set  in  action  by  the  steam  engine  to  remove 
the  air  from  the  receiver.  The  several  house-valves  are  then  opened  and  closed  one  after 
the  other,  and  the  matter  which  has  collected  in  the  traps  of  the  soil-pipes  is  instantly  shot 
over  into  the  receiver  by  the  downward  pressure  of  the  air  in  the  soil-pipes.  In  the  same 
way,  the  contents  of  the  receiver  are  subsequently  foroed  into  the  exhausted  tank,  which  is 
then  hauled  away  to  receive  the  contents  of  the  next  receptacle.  The  foul  air  pumped  out 
from  the  receivers  and  from  the  tank  is  blown  into  the  flre  of  the  engine-furnace. 

The  plan  was  to  use  a  minimum  amount  of  water ;  to  avoid  the  putrefaction  of  the  faecal 
matter ;  to  empty  the  pits  without  any  offence  to  the  householders  ;  and  to  deliver  their 
contents  to  the  farmers  in  a  fresh  condition.  Fatal  objections  to  the  process  are  the  Jirst 
cost  of  the  apparatus  and  the  small  value  of  the  manure,  which  is  really  a  good  deal  di- 
luted, as  the  analysis  above  given  shows.  Mayer  lays  that  at  a  time  when  farmers  were 
paying  considerable  sums  for  the  best  night-soil  from  ordinary  vaults  at  Amsterdam,  there 
was  no  outgo  for  the  matter  removed  from  the  Liemur  receptacles  in  that  city.  It  had 
to  be  thrown  into  the  sea. 

t  Ammonia  Nitrogen,  0.86.    Organic  Nitrogen,  0.06. 

t  These  analyses  of  Tokio  night-soil  are  specially  interesting,  because  of  the  peculiar 
food  of  the  Japanese,  which  consists  largely  of  vegetable  matter,  much  of  which  has  been 
salted.  The  farmers,  especially,  even  those  living  dose  to  the  cities,  eat  little  or  nothing 
else.  The  soldiers  and  sailors,  on  the  contrary,  get  a  moderate  amount  of  flesh ;  and  in 
consonance  with  this  diet,  their  excrements  more  nearly  resemble  those  of  BuropeaiUL 
The  analyses  are  by  Kellner  and  MorL 
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Accoi-ding  to  L'Hote,  a  litre  of  the  liquid  part  of  night-soil, 
from  which  the  solid  matters  have  settled  out,  weighs  on  the 
average  1,023  grm.,  and  contains  991.20  grm.  water,  12.80  grm. 
of  nitrogenous  organic  matter,  5.24  grm.  of  actual  ammonia,  1.35 
grm.  of  phosphoric  acid,  1.59  grm.  of  lime,  and  0.79  grm.  of  silica 
and  sand. 

In  some  parts  of  the  world,  notably  in  China,  Japan,  and  Bel- 
gium, where  mnch  low-lying  land  devoted  wholly  to  agriculture  is 
situated  within  easy  access  of  crowded  towns  and  cities,  human 
excrements  are  highly  esteemed  and  largely  used  as  a  fertilizer. 
But  it  is  noteworthy  that  little  or  no  repugnance  is  there  felt  with 
regard  to  the  storing,  transportation,  and  manipulation  of  the^ 
material ;  and  it  is  certain  that  some  of  the  processes  customaiy 
in  those  countries  would  not  be  tolerated  in  countries  more  keenly 
alive  to  considerations  of  decency,  comfort,  and  health. 

It  is  true  withal  of  most  regions  where  farming  is  practised, 
that  night-soil  is  not  an  available  resource,  for  very  little  of  it  is 
ever  produced  upon  any  one  farm.  Moreover,  with  the  exception 
of  China  and  Japan,  — countries,  that  is  to  say,  where  very  few 
animals  are  kept,  —  stable-manure  is  produced  in  abundance  in 
cities,  and  is  always  preferred  to  night-soil  by  the  neighboring 
farmers. 

Repugnance  of  English-spedking  Races  to  Night-soiL 

In  England  and  America,  most  persons,  farm  laborers  included, 
have  been  led  to  regard  the  manipulation  of  night-soil  as  loath- 
some and  degrading  drudgery,  to  be  avoided  whenever  possible. 
There  can  be  no  doubt,  however,  that  this  sentiment  dates  from 
a  time  when  the  night-soil  had  to  be  dipped  out  by  hand-labor 
from  vaults  in  which  the  material  had  passed  into  a  most  offensive 
condition  of  putrefaction.  But  now  that  mechanical  appliances 
have  been  invented  for  emptying  the  vaults  in  cities,  and  for 
transporting  their  contents  in  such  manner  that  no  odors  are 
perceptible,  and  that  ways  and  means  of  controlling  the  odors  at 
the  farm  have  come  to  be  more  generally  understood,  there  is  less 
reason  than  there  was  formerly  for  objecting  to  the  use  of  night- 
soil. 

There  can  be  no  question,  by  the  way,  that  the  old  repugnance 
was  justifiable  and  praiseworthy  when  not  carried  to  extremes. 
That  the  feeling  marked  a  certain  progress  in  refinement,  and  in 
civilization  even,  can  hardly  be   gainsaid.     All  practices  which 
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tend  to  destroy  the  self-respect  of  the  persons  that  engage  in  them 
are  manifestly  out  of  place  in  civilized  communities.  From  the 
accounts  of  travellers  in  China,  it  is  evident  how  exceedingly  offen- 
sive the  manipulation  of  night-soil  may  become  whenever  the  agri- 
cultural belief  in  its  efficacy  is  generally  diffused  in  a  given  locality, 
and  is  permitted  to  override  other  considerations. 

Undoubtedly  the  repugnance  of  the  English-speaking  races  to 
have  any  dealings  with  night-soil  is  one  prominent  reason  why 
this  substance  has  played  so  small  a  part  in  the  development  of 
English  and  American  agriculture.  But  it  is  not  the  only  reason, 
for,  as  was  just  now  said,  the  contents  of  cesspools  that  have  been 
left  for  some  time  to  themselves  underga  fermentations  of  such 
character  that  the  matter  loses  a  very  considerable  part  of  its 
value.  Much  of  the  nitrogen,  especially,  is  apt  to  fly  off,  and 
leave  the  residual  substance  so  much  the  poorer;  and,  as  has 
been  said,  old  night-soil  is  liable  to  be  rather  poor  stuff  any  way. 
Night-soil  is  a  Forcing  Manure. 

Moreover,  night-soil  is  a  less  complete  manure  than  the  strawy 
products  ordinarily  obtained  in  the  farmyard.  It  is  ill-fitted  for 
use  by  itself  alone,  and  in  the  best  farming  practice  it  has  always 
been  employed  in  conjunction  with  dther  kinds  of  manure,  as  a 
nitrogenous  re-enforcement.  Indeed,  night-soil  was  strongly  ob- 
jected iq  formerly  by  many  uninstructed  farmers  because  of  its 
forcing  character  and  supposed  tendency  to  exhaust  the  land. 
This  difficulty  could  readily  be  met  nowadays  by  using  appropri- 
ate artificial  potassic  and  phosphatic  fertilizers  in  conjunction  with 
the  night-soil.  Phosphates  are  especially  needed,  as  Kellner  has 
urged,  when  night-soil  is  employed  for  growing  grain,  or  other 
seed-bearing  crops.  Some  farmers  near  Boston  have  found  their 
advantage  in  using  night-soil  together  with  strawy  horse-manure ; 
for  the  two  kinds  of  manure  supplement  each  other  in  some  part 
as  regards  chemical  composition,  and  the  odor  of  the  horse-dung 
masks  that  of  the  night-soil. 

Isolated  attempts  have  been  made  occasionally  in  Europe  to 
carry  on  farms  of  mixed  cultivation,  with  no  other  manure  than 
night-soil,  but  in  the  course  of  a  few  years  the  grain-crops  be- 
came very  light  as  to  grain,  and  ran  almost  wholly  to  leaf.  It 
has  long  been  generally  recognized  that  if  night-soil  were  to  be 
used  by  itself  for  growing  grain,  it  would  be  necessai-y  to  apply  it 
to  the  land  several  months  before  sowing.     Unless  tliis  precaution 
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were  taken  the  plants  would  be  apt  to  run  to  leaf  so  strongly  that 
they  would  be  exti-emely  liable  to  lodge.  In  case  it  were  used  to 
top-dress  grain  in  the  spriug,  and  the  season  should  turn  out  to  be 
wet,  the  crop  would  be  forced  to  such  an  extent,  and  would  grow 
so  rank  that  it  would  probably  amount  to  nothing.  It  can  hardly 
be  insisted  too  strongly  that  it  is  as  a  re-enforcement  to  other 
manures  on  good  moist  land,  and  for  garden  vegetables  and  those 
forage  crops  which  are  benefited  by  abundant  supplies  of  active 
nitrogen,  that  night-soil  is  specially  useful. 

According  to  Kuhlmann,  writing  in  1840,  at  Lille,  in  the  north 
of  France,  where  100  gallons  of  fermented  night-soil  were  regarded 
as  being  very  nearly  equivalent  to  2,000  lb.  of  half -rotted  stable- 
manure,  the  usual  method  of  employing  night-soil  in  his  vicinity 
was  in  conjunction  with  stable-manure,  for  the  production  of  rape- 
seed,  wheat  and  oats.  In  the  first  year  of  the  rotation,  the  land 
was  covered  with  oi-dinary  long  (half-rotted)  stable  manure  in 
October  or  November,  and  the  manure  was  ploughed  under. 
Some  6,000  gallons  to  the  acre  of  fermented  night-soil  were  then 
spread  upon  the  land  and  ploughed  under.  After  this  preparation, 
rape-seed  was  sown.  In  the  autumn  of  the  2d  year,  some  1 ,200 
to  1,600  gallons  to  the  acra  of  the  night-soil  were  ploughed  under 
before  seeding  the  land  to  wheat;  and  in  the  3d  year,  1,200  gal- 
lons to  the  acre  of  night-soil  were  applied  and  ploughed  under 
before  seeding  with  oats  in  the  autumn. 

In  case  the  land  should  happen  to  be  too  soft  to  permit  the 
hauling  on  of  the  night-soil  in  the  autumn  just  before  seeding  to 
grain,  it  was  sometimes  applied  as  a  top-dressing  in  the  following 
March,  though  it  was  always  a  difficult  matter  to  distribute  it  on 
seeded  land  without  unduly  injuring  the  crops,  for  the  land  was 
apt  to  be  much  cut  up  by  the  carts  and  horses.  When  thus 
spread  in  the  spring,  one- fifth  less  of  the  manure  was  applied  than 
would  have  been  used  in  the  autumn. 

A  good  example  of  the  forcing  (nitrogenous)  action  of  night- 
soil  was  seen  in  the  old  European  experience  that  this  manure  is 
unsuitable  for  fields  where  clover  is  to  be  sown  together  with 
spring  grain,  for  even  when  the  grain  was  sown  very  thinly  on 
land  manured  with  night-soil,  its  straw  grew  so  thick  and  strong 
that  the  young  clover-plants  were  apt  to  be  smothered  by  it.  In 
the  vicinity  of  Boston,  it  is  a  popular  opinion  that  night-soil  is 
unsuitable  for  potatoes,  because  they  are  apt  to  run  to  tops  when 
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dressed  with  it,  and  not  to  form  many  tubers ;  there  are  European 
experiments  also  which  confirm  this  view. 

Schmid,  in  Austria,  sowed  barley  on  several  plots  of  0.58  hec- 
tare, and  shortly  after  seeding  he  applied  to  one  of  them  60  metre- 
centners  of  an  excellent  night-soil  compost  made  from  fresh 
excrements  and  ci*umbly  peat,  while  to  another  he  applied  60 
kilos,  of  nitrate  of  soda.  Both  the  crops  were  strong  and  vigor- 
ous, and  they  were  equally  good.  They  were  vastly  better  than 
barley  grown  on  unmanured  land.  In  the  following  year,  the 
crops  on  the  land  which  had  been  manured  with  the  night-soil 
were  excellent,  while  those  on  the  nitrated  land  were  no  better 
than  those  grown  on  unmanured  plots.  Similar  results  were  ob- 
tained in  experiments  made  with  wheat  and  with  oats. 
Undue  Praise  of  Night'SoU. 

It  is  a  curious  fact  that,  in  spite  of  the  unwillingness  of  Eng- 
lishmen and  Americans  to  handle  night-soil,  many  people  in  both 
countries  entertain  highly  exaggerated  views  with  regard  to  the 
money  value  of  it.  Formerly  it  was  much  the  fashion  also  to  at- 
tach undue  values  to  poudrette  and  other  products  prepared  from 
night-soil.  Far  too  much  stress  used  to  be  laid  withal  upon  the 
fact  that  there  were  formerly  several  cities  in  Europe  —  notably, 
Strassburg,  Mannheim,  Lyons,  Antwerp,  Ostend,  and  several 
other  Belgian  towns,  in  regions  given  over  to  the  old  Flemish  sys- 
tem of  using  liquid  manures  —  that  received  considerable  sums  of 
money  from  contractors  who  removed  the  night-soil  and  sold  it  as 
manure,  instead  of  having  to  pay  out  money  in  order  that  the 
night-soil  should  be  removed.  This  matter  turns  of  course  upon 
the  estimation  in  which  night-soil  is  held  by  the  farmers  in  the 
immediate  vicinity  of  the  city,  and  there  is  a  wide  diversity  of 
opinion  in  different  localities. 

In  most  cities  of  Continental  Europe,  however,  the  removal  of 
night-soil  and  sewage  is  a  bill  of  expense,  as  it  is  in  England  and 
America.  Taking  the  whole  civilized  world  into  consideration,  less 
and  less  use  is  made  of  human  excrements  every  year,  and  the 
cost  of  getting  rid  of  the  filth  of  cities  tends  continually  to  increase. 
At  Boston,  it  must  be  admitted  that  night-soil  is  a  very  cheap 
source  of  nitrogenous  manure  for  those  farmers  who  care  to  use 
it.  Market-gardeners,  in  particular,  so  situated  that  they  can 
readily  dilute  the  material  with  water  and  apply  the  diluted  liquid 
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to  crops,  would  probably  find  their  advantage  in  building  special 
reservoirs  for  its  reception. 

As  has  been  said  already,  it  is  in  regions  devoted  to  gardens, 
where  forcing  manures  are  needed  for  leafy  plants,  that  night-soil 
has  been  most  highly  esteemed.  Indeed,  the  facts  that  night-soil 
is  used  so  lai^ely  in  China  and  Japan,  and  is  used  so  little  in 
Europe,  are  manifestly  correlated  with  the  custom  of  Europeans 
to  subsist  upon  grain,  while  the  inhabitants  of  the  far  East  depend 
chiefly  upon  vegetables  for  their  support. 

Sanitary  Considerations  take  Precedence. 

In  reality,  the  price  which  a  city  may  obtain  for  night-soil  is 
not  a  question  to  be  seriously  considered.  The  fact  that  a  city 
expends  no  money  for  removing  night-soil,  or  that  it  gains  money 
by  the  sale  of  it,  cannot  for  a  moment  justify  the  maintaining  of 
vaults  and  other  abominations  in  its  midst.  From  the  point  of 
view  of  the  citizen,  it  is  in  terms  of  health  and  of  comfort  that 
the  problem  must  be  considered,  and  not  in  terms  of  money.  It 
matters  not  what  the  night-soil  of  a  city  may  be  worth,  so  long  as 
sanitary  considerations  require  that  the  offensive  material  should 
be  immediately  diluted  with  such  an  enormous  bulk  of  water  or 
earth  that  the  recovery  or  utilization  of  the  fertilizing  ingredients 
would  cost  more  labor  or  carriage  than  they  are  worth. 
Estimated  Value  of  Excrements. 

Several  chemists  have  computed  how  much  plant-food  is  con- 
tained, on  the  average,  in  the  solid  and  liquid  excrements  of  a 
man  in  a  day  and  in  a  year.  The  following  table,  from  Heiden, 
which  is  based  on  a  large  number  of  analyses,  refers  to  the  aver- 
age inhabitant  of  a  European  city,  excluding  children  less  than 
five  years  old.  The  weights  in  the  columns  headed  "  Year"  are 
pounds  avoirdupois. 


In  Solid  Form. 

Tbtal. 

Amount  produced. 

Day. 

Year. 

Day.          Year. 

Day. 

Year. 

grm. 

!b. 

grm. 

lb. 

Ezerement.    .    .    . 

133.0 

107.0 

1,200.0           964.0 

1,333.0 

1,071.0 

Dry  matter     .    .    . 

30.0 

24.4 

64.0             61.4 

94.0 

75.8 

Organic  matter  .    . 

26.5 

21.8 

60.0             40.2 

76.6 

G2.0 

Nitrogen     .    .    .    . 

2.1 

1.7 

12.1              9.7 

14.2 

11.4 

Aahee 

4.6 

3.9 

14.0             11.0 

18.6 

14.9 

Phoephorio  acid  .    . 

1.4 

1.1 

1.8              1.6 

3.2 

2.6 

Potash 

0.6 

0.5 

2.3              1.9 

2.9 

2,4 

Allowing  that  the  nitrogen  is  worth  18  cents  the  pound,  and  the 
phosphoric  acid  and  potash  5  cents  the  pound  each,  the  yearly 
value  of  the  excrement  of  a  single  person  would  be  $2.25,  sup- 
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posing  it  were  poBsible  to  put  the  excrements  to  immediate  nse. 
On  maltiplying  this  sum  by  hundreds  of  thousands  or  a  million  of 
inhabitants,  or  even  by  several  millions,  as  has  been  done  again 
and  again  in  the  case  of  London,  figures  are  obtained  of  very  con- 
siderable magnitude ;  and  many  persons  have  been  led  to  believe 
at  one  time  or  another  that  some  part  of  these  calculated  values 
might  actually  be  realized.  Numerous,  and  in  several  instances 
thoroughly  well-considered  efforts,  have  been  made  to  accomplish 
this  result ;  but,  with  some  trifling  and  limited  exceptions,  such 
schemes  have  invariably  failed. 

As  will  be  seen  from  the  table,  so  large  a  proportion  of  the 
weight  of  human  excrements  consist  of  inert  and  worthless  mat- 
ters, to  begin  with,  that,  at  the  very  best,  night-soil  cannot  pos- 
sibly bear  the  cost  of  transportation,  even  for  moderate  distances ; 
and,  as  will  be  shown  directly,  it  is  no  easy  matter,  economically 
speaking,  to  recover  any  part  of  the  valuable  constituents  from  a 
material  which  contains  so  small  a  proportion  of  them,  and  which 
is  so  offensive  to  manipulate. 

Much  Water  in  Nvght-SoiL 

The  lai^e  proportion  of  water  naturally  contained  in  human  ex- 
crements is  of  itself  an  enormous  obstacle  to  their  use  in  agricul- 
ture. As  has  been  stated  already,  analysis  shows  that  the  water 
in  fresh  faeces  amounts,  on  the  average,  to  more  than  75  ^ ,  while 
in  urine  there  is  usually  some  95  or  96  ^  of  water,  so  that,  even 
if  there  were  no  such  thing  as  water-closets,  and  if  appliances 
were  devised  to  prevent  rain-water  and  house-slops  from  mixing 
with  night-soil,  and  for  keeping  the  latter  fresh  and  for  transport- 
ing it  without  offence,  it  would  still  be  true  that  the  proportion  of 
useful  ingredients  in  the  mass  of  water  and  other  useless  matters 
that  chiefly  constitute  night-soil  is  too  small  to  admit  of  the  gen- 
eral use  of  this  kind  of  manure.  Until  some  cheap  and  easy 
method  shall  be  discovered  of  depriving  the  excrements  of  their 
moisture,  the  use  of  them  must  inevitably  be  restricted  to  the  im- 
mediate neighborhood  of  the  spot  where  they  are  produced. 

Some  years  ago,  an  English  engineer  named  Bridges  Adams 
proposed  to  introduce  into  London,  instead  of  water-closets,  a 
mechanical  arrangement  by  means  of  which  urme  and  faeces 
should  be  collected  apart,  so  that  the  urine  might  be  barrelled  up 
and  sent  by  rail  into  the  country.  Mr.  Adams  argued  that  proflt 
could  be  derived- from  such  commerce  in  urine,  of  which,  as  he 


486  AGRICULTXTRE. 

calculated,  24,428  tons  could  be  collected  annually  in  London. 
But,  as  was  shown  at  the  time  by  Dugald  Campbell,  the  concep- 
tion was  founded  on  ignorance.  Since,  on  the  average,  no  more 
nitrogen  could  be  counted  upon  in  the  urine  than  would  be  equiva- 
lent to  0.7  %  of  ammonia,  it  would  be  necessary  to  use  about  30 
tons  of  urine  in  order  to  apply  0.5  cwt.  of  ammonia  to  an  acre  of 
land.  The  cost  of  transporting  30  tons  of  liquid  20  miles  out  of 
London  would  at  that  time  have  amounted  to  about  $10,  while 
half  a  hundred-weight  of  ammonia  could  have  been  bought  for  less 
money  than  that,  either  in  the  form  of  sulphate  of  ammonia  or  of 
guano,  and  the  cost  of  applying  either  of  these  substances  would 
be  vastly  less  than  the  cost  of  applying  the  urine. 

Although  the  prices  of  ammonium  salts  and  of  guano  have 
changed  materially  since  Mr.  Campbell  made  this  computation, 
his  conclusion  is  still  true.  It  would  withal  still  be  difficult  to 
keep  the  closets  clean  and  odorless,  and  to  prevent  the  urine  from 
putrefying  during  the  transportation. 
Easier  to  extract  Ammonia  from  Urine  than  to  transport  the  Latter, 

Technically  speaking,  it  could  hardly  be  advisable  to  try  to  trans- 
port so  bulky  an  article  as  urine,  in  view  of  the  fact  that  the  nitro- 
gen in  it  might  be  extracted  in  the  form  of  ammonia,  by  way  of 
distillation,  and  the  phosphoric  acid  by  methods  of  precipitation ; 
although,  as  has  already  been  shown,  it  may  perhaps  be  ti*ue  that 
the  urea  in  fresh  urine  is  really  more  valuable  as  plant-food  than 
the  ammonia  into  which  the  urea  changes  when  urine  ferments. 
Methods  of  moving  Night-soiL 

In  regions  where  large  quantities  of  human  excrements  are  em- 
ployed in  agriculture,  as  in  China  and  Japan,  and  indeed  in  some 
of  the  smaller  European  cities,  the  materials  are  collected  in  jars, 
or  buckets,  or  barrels,  and  carried  out  to  the  farm  land  in  a  toler- 
ably fresh  condition.  According  to  Euhlmann,  the  night-soil 
hauled  out  from  cities  to  the  farms  in  Belgium  and  the  North  of 
France  is  run  into  great  underground  cisterns,  of  from  50,000  to 
80,000  gallons'  capacity,  and  there  kept  in  store.  In  order  to  be 
fit  for  use,  the  contents  of  a  cistern  should  have  fermented  during 
several  months,  and  in  order  to  ensure  this  fermentation,  it  is 
customary  never  to  empty  a  cistern  completely,  but  to  add  from 
time  to  time  new  quantities  of  fresh  night-soil  to  replace  whatever 
may  have  been  taken  out.  During  the  fermentation,  the  manure 
becomes  less  liquid  and  more  viscid  than  it  was  originally.    There 
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is  no  harm  in  leaving  the  manure  in  the  cisterns  as  long  as  con- 
venience may  dictate.  Even  after  three  years,  the  contents  of  a 
cistern  have  been  found  not  to  have  depreciated  in  quality  to  any 
appreciable  extent.  In  case  the  night-soil  at  a  farmer's  disposal 
happens  to  be  too  watery,  it  is  sometimes  re-enforced  by  throwing 
into  the  cistern  a  quantity  of  powdered  rape-cake,  and  this  ma- 
terial is  also  sometimes  mixed  with  good  night-soil  when  not  enough 
of  the  latter  can  be  obtained  to  fully  manure  the  fields. 

In  Japan,  on  the  other  hand,  it  is  said  to  be  customary  to  dilute 
the  fresh  night-soil  with  2  or  3  times  its  volume  of  water  in  wooden 
tubs  where  it  is  allowed  to  ferment  for  a  week  or  so  in  warm 
weather,  or  for  ten  days  in  spring  or  autumn,  until  a  green  scum, 
due  to  the  growth  of  fungi,  has  formed  upon  the  surface  of  the 
mixture.  Kellner  and  Mori  have  observed  that  during  this  fer- 
mentation much  carbonate  of  ammonia  is  formed,  and  that  care  is 
taken  to  avoid  losing  it. 

Tuba  instead  of  Cesspoola. 

Several  convenient  arrangements  for  facilitating  the  transporta- 
tion of  night-soil  have  been  devised,  such,  for  example,  as  small 
barrels  permanently  fastened  to  handbarrows,  or  a  barrel  hung 
between  the  wheels  of  a  handcart ;  or  tubs  are  used  that  are  pro- 
vided with  handles  or  ears,  through  the  slots  in  which  poles  can 
be  thrust,. so  that  two  men  can  readily  lift  and  move  the  tub  even 
when  it  contains  a  considerable  weight  of  material.  Such  tubs  or 
barrels,  when  tightly  covered,  can  be  moved  without  offence. 
They  commend  themselves  in  the  country  in  cases  where  many 
persons  are  congregated  at  any  one  place,  and  where  there  is  not 
enough  water  at  hand  for  the  proper  supply  of  water-closets. 

When  properly  managed,  movable  tubs  or  barrels  are  preferable 
on  several  accounts  to  vaults  or  cesspools,  such  as  were  ordinarily 
employed  before  the  introduction  of  water-closets.  These  vaults 
were  simply  sunken  ciBtems  of  wood  or  brickwork,  in  which  the 
excrements  were  allowed  to  collect  until  there  was  occasion  to 
empty  the  vault.  Usually  they  were  emptied  or  partially  emptied 
once  a  year,  or  sometimes  even  less  frequently.  From  being  left 
so  long  undisturbed,  some  part  of  the  contents  of  the  cesspool 
were  constantly  in  a  state  of  putrescence.  Offensive  gases  were 
continually  exhaled  from  these  receptacles,  and,  even  when  tightly 
built  at  first,  they  were  ultimately  liable  both  to  leak  and  to  over- 
flow, and  so  to  poison  the  neighboring  ground  and  the  water  of 
wells  which  was  derived  from  that  ground. 
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One  advantage  to  be  credited  to  the  primitive  system  of  tabs 
and  baiTels  is,  that,  unlike  cesspools,  any  leakage  or  overflow 
from  them  would  be  quickly  detected,  and  easily  remedied  before 
the  ground  in  their  vicinity  had  had  time  to  become  surcharged 
with  the  foul  liquid. 

Methods  of  utilizing  Night-soil, 

Allasion  has  already  been  made,  under  the  head  of  Composts, 
to  the  mixing  of  night-soil  with  peat  and  loam,  both  for  the  sake 
of  absorbing  the  liquid  and  the  odoriferous  portions  of  the  material, 
and  for  exciting  the  fermentation  of  humus.  Indeed,  an  ordinary 
method  of  dealing  with  night-soil  is  either  to  bring  it  directly  to 
land  that  is  to  be  ploughed,  or  to  compost  it  in  the  fields  with  earth, 
and  valuable  manure  may  be  had  in  this  way,  especially  in  case 
the  night-soil  should  happen  to  be  fresh ;  and  particularly  in  locali- 
ties where  canals  permit  the  material  to  be  cheaply  and  easily 
transported. 

One  objection  to  the  long-continued  use  of  uncomposted  night- 
soil  on  plough-land  is  said  to  be  that  it  tends  to  make  laud  hard 
and  compact.  Mr.  J.  J.  H.  Gregory,  of  Marblehead,  after  using 
night-soil  during  12  to  15  years,  found  that  *Hhe  ground  baked 
so  hard  that  it  wore  out  the  best  tools  pretty  fast.''  It  is  not  im- 
possible that  this  difficulty  may  be  due  solely  to  the  muddiness  of 
night-soil.  A  large  part  of  the  night-soil  obtainable  in  American 
cities  may  be  described  as  thick  mud-puddle  liquor  which  does  not 
dry  readily,  is  not  easily  absorbed  by  peat  or  straw,  and  has  little 
if  any  disposition  to  settle.  Mechanically  considered,  it  is  a  magma 
of  puddled  earth  and  papier-mach^,  well  calculated  to  stop  up  the 
pores  of  almost  any  soil,  and  to  destroy  its  tilth.  By  receiving 
the  muddy  liquor  in  shallow  basins  in  the  field,  and  throwing  upon 
each  load  of  it  a  covering  of  horse-manure,  weeds,  peat,  and  coal- 
ashes,  the  muddiness  may  be  corrected  and  the  material  made 
more  convenient  for  use.  There  was  formerly  a  farm  near  Paris 
to  which  night-soil  was  brought  in  bulk  in  boats,  whence  it  was 
pumped  into  pipes  that  earned  it  to  the  fields.  It  was  applied,  by 
way  of  irrigation,  in  conjunction  with  water  from  the  canal,  much 
dilution  being  needed  when  night-soil  is  applied  to  growing  crops. 

Even  under  the  most  favorable  conditions,  as  when  the  irriga- 
tion could  be  practised  during  or  immediately  after  rain,  ordinary 
thick,  muddy  night-soil  was  mixed  with  5  or  6  times  its  bulk  of 
water;  whUe  urine,  or  the  liquid  part  of  night-soil,  was  diluted 
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with  8  or  4  parts  of  water.  In  times  of  drought  the  materials 
were  used  in  a  state  of  much  greater  dilution.  A  field  of  pota- 
toes irrigated  for  the  sake  of  the  experiment,  at  a  very  dry  time 
in  June,  with  the  undiluted  liquid  portion  of  night-soil,  suffered 
extremely.  "  The  plants  were  burnt  up,  and  after  a  few  days 
their  leaves  and  small  branches  fell  off.  New  shoots  sprang  up 
from  below,  new  tubers  were  formed  and  the  older  ones  died 
away.  The  two  succeeding  crops  of  wheat  and  oats,  however, 
profited  largely  from  this  misapplied  dressing.  Even  on  beets, 
the  undiluted  liquor  did  not  produce  a  favorable  effect  in  a  1  ot 
season.  .  .  .  Night-soil  alone,  applied  to  crops  in  full  growth 
during  hot  weather  in  summer,  is  always  more  or  less  injurious." 
(Moll.) 

Belgian  experience  teaches  that  a  highly  effective  method  of 
using  night-soil  is  to  mix  it  with  from  3  to  6  times  its  bulk  of 
water  and  to  apply  this  mixture  in  the  spring  to  young  plants. 
The  diluted  liquor  does  good  service  in  summer  also  when  applied 
during  rain.  As  was  just  now  said,  it  has  long  been  customary 
in  Belgium  for  the  farmers  to  keep  night-soil  in  special  cisterns, 
where  it  can  be  admixed  with  water,  and  sometimes  with  rape-cake 
also  or  other  re-enforcement.  From  these  cisterns  the  dilute  pu- 
trid liquid  is  hauled  to  the  fields  in  casks  from  which  it  is  run  out 
little  by  little  into  movable  troughs,  whence  it  is  thrown  upon  the 
land  by  means  of  long-handled  scoops.  So  too  in  Japan,  accord- 
ing to  Kellner,  experience  has  taught  the  farmers  not  to  apply 
fresh  human  excrements  to  their  crops.  It  is  said  to  be  custom- 
ary in  that  country  to  mix  the  excrements  with  2  or  3  times  as 
much  water,  and  to  leave  this  mixture  for  some  time  in  tubs  in 
order  that  it  may  undergo  decomposition.  The  material  is  held  to 
be  fit  for  use  when  a  greenish  color  has  appeared  upon  it. 

While  admitting  fully  the  well-known  fact  that  fresh  urine,  or 
night-soil,  may  do  no  little  harm  to  plants,  unless  they  have  been 
largely  diluted  with  water,  Kellner  insists  that  neither  fresh  nor 
decomposed  human  excrements  contain  anything  which  is  directly 
poisonous  to  plants.  He  attributes  the  injurious  effects  which  are 
sometimes  observed  wholly  to  undue  concentration  of  the  manure. 
The  crops  are  injured  because  their  roots  come  into  contact  with  a 
great  excess  of  soluble  matters.  Even  the  presence  in  the  soil  of 
too  strong  a  solution  of  urea  may  interfere  so  seriously  with  the 
absorption  of  water  by  the  roots  of  plants  that  their  leaves  will 
wilt. 
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Peca  Poudrette. 
In  some  Enropean  cities  attempts  have  been  made  to  prepare 
merchantable  manure  from  night-soil  by  mixing  with  it  peat,  peat 
charcoal,  charcoal-dust,  or  tanbark,  in  quantities  large  enough  to 
solidify  the  mass.  But  the  products  thus  prepared  have  had  very 
little  real  value,  considered  as  commercial  manures.  They  are 
still  too  bulky  and  too  heavy  to  bear  the  cost  of  distant  transporta- 
tion. The  following  table  contains  the  results  of  analyses  of  mix- 
tures of  peat  and  night-soil  as  prepared  in  various  cities  of  North- 
em  Europe : — 

OtYSanio     Aah-In-  Ammonia  Phospb. 


Water. 

Matter. 

gredients.  Nitrogen.  Nitrogen. 

Add 

Potash. 

83.10 

14.60 

3.30 

0.78 



0.22 

0.28 

Mnnitor  rKoenig) .    .    . 

87.45 

10.13 

2.42 

0.65 

.... 

0.44 

0.17 

Bielefeld  (Koenig)     .    . 

83.82 

10.47 

6.61 

0.96 

.... 

0.51 

0.40 

Groningen    (Flelicher), 

priTEte  hoQM .    .    .    . 

68.85 

.... 

.... 

0.84 

.... 

0.32 

0.28 

Do.,  public  plaoe  .    .    . 

86.63 

.... 

.... 

0.63 

.... 

0.26 

0.31 

Dresden,    sUica    poa- 
drette  (Schroder) 

26.6 

7.S 

68.6» 

0.44 

.... 

0.85 

.... 

4.0 

8.0 

79.8» 

0.46 

.... 

0.85 



I. 

81.90 

13.90 

4.80 

0.65 

0.12 

0.34 

0.21 

Biga  (Thorns)        II. 

76.80 

18.15 

6.06 

0.95 

0.45 

0.68 

0.23 

m. 

82.00 

16.72 

2.28 

0.64 

0.35 

0.53 

0.15 

One  trouble  with  these  peaty  products,  and  with  analogous 
mixtures,  is  that  much  of  the  nitrogen  exhibited  by  analysis  is 
simply  the  inert  nitrogen  that  was  naturally  contained  originally 
in  the  peat  or  other  diluent. 

City  *«  Compost:' 

In  several  Dutch  and  North  German  cities  so-called  "com- 
posts "  are  prepared  by  the  municipal  authorities  by  mixing  the 
night-soil  with  all  manner  of  refuse,  such  as  street-sweepings, 
ashes,  and  other  kinds  of  *' dry  dirt"  collected  from  houses.  In 
this  way  the  muddiness  of  the  liquor  is  corrected,  and  the  mixture 
has  proved  to  be  extremely  useful  as  a  means  of  improving  the 
condition  of  newly  reclaimed  land  from  which  peat  has  been  re- 
moved, to  be  used  as  fuel.  As  a  practical  fact,  street-sweepings 
applied  to  these  peaty  soils  greatly  improve  their  mechanical  con- 
dition, and  the  mixture  of  sweepings  and  night-soil  produces  effects 
not  readily  obtained  by  means  of  commercial  fertilizers.  Mr. 
Jenkins,  writing  of  the  reclamation  of  peat-land  in  the  Nether- 
lands, has  said, ''  Sand  and  peat  will  not  mix  easily  together,  and 
it  is  useless  to  try  to  mix  them  unless  large  quantities  of  farm- 
yard-manure are   applied.     This  greatly  facilitates  the  process, 

*  Insoluble  in  acid. 
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bnt  artificial  manures  have  no  such  effect.  .  .  In  reclaiming  peat- 
land,  sand  is  laid  on  and  heavy  dressings  of  street-manure  are 
given,  and  each  succeeding  year  the  land  is  cultivated  to  a  slightly 
gi-eater  depth." 

It  is  to  be  said  that  the  "  street-composts"  of  Groningen  and 
other  towns  have  done  their  most  remarkable  service  on  peats  of 
exceptionally  loose  texture,  which  have  been  mixed  with  sand. 
After  the  merchantable  peat  has  been  dug  out  and  sold  for  fuel, 
the  system  of  cultivation  is  to  put  back  the  loose,  mucky,  un- 
merchantable peat,  which  has  been  thrown  aside  as  refuse,  and  to 
mix  it  intimately  with  the  sand  at  the  bottom  of  the  excavation, 
where  it  originally  lay  beneath  the  bed  of  peat.  To  this  new  land 
the  compost  is  applied,  in  the  Province  Groningen,  at  the  rate  of 
3  or  4  tons  to  the  English  acre,  as  a  help  to  the  process  of  reclama- 
tion. The  land  is  then  sown  with  lye,  upon  which  a  mixture  of 
clover  and  grass  seeds  is  sown ;  and,  after  the  rye  has  been  har- 
vested, the  land  is  pastured  during  several  years  in  order  that  it 
may  become  firm.  Subsequently,  rye,  peas,  potatoes  and  hay  are 
taken  as  the  usual  crops,  though  under  specially  favorable  condi- 
tions rape-seed,  horse-beans  and  wheat  are  grown.  It  has  been 
observed  that  in  order  to  grow  oak  trees  upon  such  land  dressings 
of  street-sweepings  seem  to  be  essential. 

It  is  reported  that  the  street-sweepings  have  great  and  peculiar 
merit,  as  a  means  of  firming  the  land  in  the  first  place.  After 
this  purpose  has  once  been  accomplished  the  compost  is  applied  in 
smaller  quantities  than  those  stated  above.  It  will  be  noticed, 
however,  that  the  night-soil  in  the  compost  must  help  to  ferment 
the  humus  of  the  soil  and  to  change  it  from  an  inert  to  a  mellow 
condition.  Stable-manure  is  said  not  to  be  esteemed,  at  the  time 
when  the  land  is  in  process  of  reclamation,  because  of  its  loose, 
non-binding  character;  and  green-manuring  is  objected  to  on 
similar  grounds. 

These  city  composts,  which  appear  to  be  mere  mixtures,  must 
necessarily  vary  in  different  cities,  and  in  any  one  city  also,  ac- 
cording to  the  different  kinds  and  quantities  of  materials  that  are 
added  to  the  night-soil.  In  some  places,  the  dry  dirt  is  picked 
over  much  more  carefully  than  in  others,  and  the  coarser  matter  is 
sifted  out.  It  is  said  that  at  Amstei-dam,  32  different  classes  of 
materials,  ranging  from  paper  to  the  different  kinds  of  metals,  are 
separated  from  house-refuse  before  the  finer  part  of  it  is  added  to 
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the  night-soil.    Analyses  of  some  of  th( 
in  the  following  table  :  — 

Organic       Ash- 
Water.  Matter.     Ingred. 
BnuMk  (Petermann,  Jaly)   4.20  22.89         72.93 
BruMels  (Petermann,  Not.)    7.26  17.74         76.00 

f     I.     31.06  

Bremen (Fleiaolier)  {  II.     36.61  ....           .... 

(III.      28.62  

(     I.      66.74  

Smden  (FleiMher)   {  11.     27.80         

(lU.      66.74  

Groningen  (FleiMher), 
mean  of  the  analytea 

of  4  years 63.18  ....           .... 

Cologne  (Dietrich)  .    .  — 

Brttnn  (Kohlransch)    .           4048  9-16          46-48  0.6-2.0  0.01-0.84  0  60        

Berlin  (Heidepreim) 6.97           ....      0.41       1.06       2.33      22.63       1.11 

At  Treves,  on  the  Moselle,  a  much  more  elaborate  system  than  the 
foregoing  has  been  adopted  for  converting  night-soil  into  a  manage- 
able material,  and  a  really  powerful  manure  is  prepared  there  by 
mixing  street-sweepings,  horse-manure,  night-soil,  peat  and  chemi- 
cal fertilizers.  Into  a  tight  pit  2  metres  deep,  46  metres  long,  and 
10  metres  broad,  there  is  thrown  a  layer  of  peat  about  6  c.  m.  thick, 
which  is  covered  with  some  10  c.  m.  of  horse-manure,  and  this,  in  its 
turn,  with  2  c.  m.  of  fine,  sifted  street-sweepings.  Between  each  of 
these  layers  there  is  strewn  a  certain  amount  of  kainit,  of  phosphatic 
slag  and  of  phosphatic  gypsum.  The  layers  of  peat,  horse-manure 
and  sweepings  are  repeated  until  the  total  thickness  of  these  absorb- 
ents amounts  to  about  30  c.  m.,  while  the  uppermost  layer  is  of  peat. 
The  pit  is  then  filled  to  the  brim  with  liquid  night-soil,  a  part  of  which 
is  immediately  absorbed,  while  some  of  the  mere  water  flows  off  into 
a  cistern,  whence  it  can  be  pumped  back  into  the  pit  to  cool  its  con- 
tents. This  last  operation  \s  necessary,  since  the  matters  in  the  pit 
speedily  enter  into  fermentation,  and  they  would  become  unduly 
heated  if  they  were  not  drenched  occasionally. 

After  a  time,  the  contents  of  the  pit  are  found  to  be  compact  and 
firm ;  they  are  cut  down  and  out  with  sharp  hoes  and  loaded  upon 
railway  cars  to  be  hauled  into  the  country.  No  water  drips  from 
the  mixture  during  these  operations,  and  the  manure  is  said  to  be 
remarkably  homogeneous,  and  to  admit  of  being  easily  spread  in  the 
fields.  This  manure  is  highly  esteemed  by  the  farmers  of  the  region 
in  which  it  is  made,  and  the  cost  of  preparing  it  is  more  than  made 
good  by  the  price  at  which  it  is  sold. 

Street-Sweepings . 

It  may  here  be  said  that  in  some  cities,  as  in  Boston,  formerly, 
the  sweepings  from  paved  streets  are  thrown  into  heaps  and  sold  to 
farmers  for  a  trifle.  At  Boston  these  sweepings  consist  chiefly  of 
mud  or  dust  worn  from  the  pavement,  and  from  the  earth  in  the 
cracks  between  the  stones,  together  with  horse-dung  and  an  appreci- 
able percentage  of  iron  which  has  been  rubbed  off  from  the  tires  of 
wheels  and  the  shoes  of  horses. 

At  Dresden,  in  1890,  according  to  Steglich,  mere  street-sweepings 
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are  deposited  in  heaps  80  feet  long,  16  feet  wide,  and  6.5  feet  high, 
which  are  forked  over  after  having  lain  6  months,  and  are  at  the 
same  time  moistened  with  water.  The  heaps  are  left  for  another 
term  of  6  months,  and  their  contents  are  then  disposed  of  as  '<  ripe 
compost."  This  ripe  compost  is  described  as  a  remarkably  homo- 
geneous, friable,  earthy  matter,  moderately  moist,  and  of  dark  color. 

It  contains,  among  other  things,  about  half  its  weight  of  sand  and 
clay,  and  one-third  its  weight  of  water ;  only  some  9  or  10  %  of  or- 
ganic matter,  0.23  to  0.33%  of  nitrogen,  0.37  to  0.46%  of  phosphoric 
acid,  0.33  to  0.38  %  of  potash,  0.84  to  1.05  %  lime,  and  0.18  %  of  mag- 
nesia. 

At  Berlin  in  1892,  Vogel  found  that  street-sweepings  taken  chiefly 
from  asphalt  pavement  contained  40  %  of  water,  22  %  of  organic  mat- 
ter, and  38  %  of  ash.  The  fresh  material  contained  0.48  %  of  total 
nitrogen,  0.004%  of  ammonia,  0.46%  of  phosphoric  acid,  0.37%  of 
potash,  1.89%  of  lime,  and  0.35%  of  magnesia.  In  refuse  from 
houses  (dry  dirt)  which  had  lain  in  a  heap  for  three-quarters  of  a 
year,  and  had  rotted  somewhat,  he  found  60  %  of  fine  earth  which  con- 
tained 19  %  of  water,  20  %  of  organic  matter,  and  61  %  of  ash.  There 
was  in  this  fine  earth  0.35  %  of  total  nitrogen  and  0.05  %  of  ammonia; 
beside  0.58%  phosphoric  acid,  0.22%  potash,  8.92  %  lime,  and  1.74% 
magnesia  that  were  soluble  in  acids. 

In  certain  parts  of  Paris,  street-sweepings  are  sometimes  collected 
by  themselves  in  the  dry  season.  The  following  analyses  by  Muntz 
and  Girard  relate  to  samples  that  were  collected  specially  on  the 
given  dates:  — 

80  Dec.        8  Jan.        12  Jan. 
Per  cent  of  1886.  1887.  1887. 

Water 77.80  22.00  .34.00 

Nitrogen 0.18  0.63  0.47 

Phosphoiic  acid     ....        0.29  0.60  0.48 

Potash 0.02  0.09  0.07 

Lime 7.61  6.39  8.18 

Weather very  rainy.  dry.  light  rain. 

As  a  rule,  however,  the  street-dirt  of  Paris  is  different  from  that 
of  most  cities,  since  it  is  the  custom  there  to  throw  into  the  streets 
by  night  all  manner  of  refuse  substances  from  houses,  kitchens  and 
workshops.  In  winter  much  ashes  is  thus  thrown  out.  All  this 
refuse  is  collected,  together  with  such  part  of  the  street-sweepings  as 
is  not  washed  into  the  sewers,  and  thrown  into  heaps.  On  the 
average,  some  2,600  cubic  yards  of  the  dirt  are  hauled  out  from  Paris 
daily.  The  heaps  of  dirt  soon  become  hot  through  fermentation  and 
are  greatly  reduced  in  bulk  as  the  organic  matters  m  them  are  con- 
verted into  humus.  Meanwhile  the  material  takes  on  a  black  color 
and  becomes  much  more  homogeneous  than  it  was  at  first.  As  a 
general  rule,  it  is  only  after  this  fermentation  that  the  dirt  is  disposed 
of  to  the  farmers.  The  fresh  material  is  known  as  green  dirt,  and 
the  fermented  mass  as  black  dirt.  According  to  Muntz  and  Girard^ 
the  composition  of  the  Paris  street-dirt  is  as  follows: 
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Green  dirt,  m  Blaok  dirt,  after  fermentation,  Black  dixt, 

taken  from  from  different  sections  of  the  from 

Per  cent  of                   tbe  carts.  City  of  Paris.  Bordeaoz. 

Nitrogen   ....        0.38  0.45                  0.39  0.49 

Phosphoric  acid     .        0.41  0.59                  0.45  0.58 

Potash 0.42  0.52                   0.29  1.22 

Lime 2.57  3.75                  2.92 

At  Borne,  the  refuse  from  houses  and  streets  is  thrown  into  great 
heaps  which,  according  to  Ceselli's  observations,  contain  about  40  % 
of  stones,  earth,  mortar,  etc.,  35%  of  horse-dung,  20%  of  vegetable 
refuse  and  5%  of  rags,  paper,  leather,  bones  and  glass.  These  heaps 
undergo  fermentation  and  putrefaction,  and  the  matter  at  the  centre 
of  the  heap  passes  into  a  condition  known  as  ^<  black  butter,"  while 
the  sides  and  tops  of  the  heaps  become  earthy  or  loam-like.  The 
following  analyses  are  by  Longi  and  by  Freda: 

Black  batter  Black  butter  Earthy  top  Tblerably 

from  an  old  from  an  old  of  an  old  new 

heap,%.  b«*P,%.  lie»P,%.  hmp,%. 

Water 34.10  31.62  19.50  15.03 

Stones,  etc.      ...      2.81  16.24  7.51  5.80 

Ashes 36.53  32.71  46.89  62.26 

Phosphoric  acid  .     .      0.78  0.40  0.54  0.77 

Potash 1.18  1.30  1.09  2.29 

Lime 9.73  4.71  6.43  1.10 

Total  nitrogen     .    .      0.45  0.34  0.31  0.47 

Organic  nitrogen      .      0.30  0.26  0.29  0.41 

Ammonia-nitrogen  .      0.17  0.01  0.01  0.07 

Nitrate-nitrogen.    .      0.00  trace  0.01  trace 

Poudrette. 

Formerly,  during  many  years,  large  quantities  of  night-soil  were 
manipulated  in  one  of  the  suburbs  of  Paris  for  the  purpose  of 
making  ^^  poudrette,"  and  the  process  employed  there  has  a  cer- 
tain historical  importance,  because  the  Parisian  poudrette  became 
in  some  sort  a  standard  of  comparison  to  which  other  analogous 
products  were  naturally  referred.  Some  old  quarries  at  Montfau- 
con,  just  outside  of  Paris,  had  been,  by  some  slight  alteration, 
converted  into  a  series  of  basins  or  tanks.  Night-soil  was  poured 
into  the  uppermost  basin,  where  a  good  part  of  its  solid  contents 
sank  to  tbe  bottom  at  once,  while  the  liquid  poi-tions  were  made  to 
flow  slowly  and  methodically  through  a  set  of  the  lower  basins, 
which  served  as  receptacles  to  collect  whatever  solid  matter  the 
liquid  held  in  suspension.  The  cleared  liquid  finally  escaped 
through  a  fine  sieve  into  the  Seine. 

Whenever  a  sufficient  quantity  of  sediment  had  collected  in 
either  of  these  settling  tanks,  the  liquid  was  run  off  from  that 
tank,  or,  if  need  were,  it  was  pumped  over  into  the  next  basiui 
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and  the  deposit  was  removed  from  the  bottom  of  the  tank  to  a 
great  field  contiguous  to  the  establishment,  and  there  spread  out 
to  diy.  The  layer  of  mud  was  haiTowed  from  time  to  time  to  fa- 
cilitate the  drying.  It  need  hardly  be  said  that  the  product  ob- 
tained in  this  way  could  not  possibly  have  been  so  concentrated  a 
fertilizer  as  those  to  which  we  are  accustomed  nowadays.  But, 
on  the  other  hand,  all  accounts  agree  that  the  stench  from  the 
works  was  wide-reaching  and  abominable. 

Manifestly  the  process  was  radically  vicious,  and  it  is  well-  to 
consider  it  carefully  on  that  very  account.  The  fact  that  the  mak- 
ing of  this  poudrette  was  so  long  persisted  in  by  the  Parisian  au- 
thorities shows  how  little  was  known,  until  very  recently,  of  the 
true  theory  of  manures ;  while  the  parallel  fact  that  people  could 
be  found  willing  to  pay  money  for  a  material  of  so  little  real  value 
shows  how  hard  beset  farmers  must  have  been  before  the  days 
of  guano  and  commercial  fertilizers,  properly  so  called.  It  teaches 
how  greatly  favored  farmers  are  nowadays  in  having  an  abundant 
choice  of  cheap  and  powerful  manures. 

One  good  word,  however,  can  be  said  in  favor  of  poudrettes  that 
were  similar  in  character  to  the  old  Parisian  product :  their  me- 
chanical condition  was  excellent ;  and  this  was  a  very  important 
matter  at  a  time  when,  excepting  rape-cake,  hardly  any  other  fer- 
tilizer shared  this  quality.  A  dry,  inoffensive  powder,  that  can 
be  sown  with  seeds  from  a  machine,  must  commend  itself  in  nu- 
merous instances.  Another  point  to  be  noticed  is,  that  the  Parisian 
poudrette  was  probably  full  of  germs  of  useful  micro-organisms. 
To  this  fact  may  justly  be  attributed  the  chief  part  pf  the  good 
effects  that  were  obtained  when  the  poudrette  was  applied  to  the 
land ;  that  is  to  say,  it  excited  the  fermentation  and  nitrification 
of  the  humus  of  the  soil,  and  was  in  so  far  a  source  of  biological 
rather  than  of  chemical  power.  Several  analyses  of  the  Parisian 
(Montf aucon)  poudrette  have  been  published,  as  follows :  — 

Wi^f^*     Organio  Total     Ammo-     Nitric     Phosph.  xi«^ 

^^*^^'    Matter.  Nitrogen,     nia.        Add.       Acid.     ^™•• 

Bovasinganlt  and  Fayen   .     41.4        .  .  .  1.66         

Jaqnemont 1.90  ...  ...  

Bonbeiran  (1847)    ....   2&-32       29.00  1.78          0.73          ...           3.73       ... 

L'Hdte  (1848) 30.20       32.81  1.52          0.59           0.30           4.18        6.70 

Barral,  in  1868,  reported  that  poudrette,  as  made  at  Bondy,  near 
Paris,  and  in  some  other  localities,  from  dried  human  excrement, 
weighed  about  65  lb.  to  the  heaped  bushel,  and  contained  34  %  of 
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water  and  1.4  ^  of  total  nitrogen.  Large  numbers  of  more  recent 
analyses,  by  Aubin,  show  that  French  poudrettes,  though  some- 
what variable  as  to  their  composition,  usually  contain,  nowadays, 
from  1  to  2  ^  of  nitrogen  and  from  2  to  6  ^  of  phosphoric  acid. 

Muntz  and  Girard  have  noticed  French  poudrettes  that  con- 
tained as  little  as  0.46  %  nitrogen,  1.21  %  phosphoric  acid  and 
1.29  %  of  potash,  while  others  contain  as  much  as  2.79  ^  nitro- 
gen, 8.14  ^  phosphoric  acid  and  0.53  ^  of  potash.  On  the 
average,  they  have  found  1.6  %  nitrogen,  3.00  ^  phosphoric  acid 
and  0.50  ^  potash.  It  is  to  be  understood,  of  course,  that  pou- 
drettes have  been  made  in  many  other  places  beside  Montfaucon. 

Generally,  they  appear  to  have  consisted  of  the  sediment  from 
night-soil  (either  with  or  without  the  addition  of  small  quantities 
of  copperas,  gypsum,  alum,  or  the  like)  dried  in  the  air ;  though 
in  many  cases  the  sediment  seems  to  have  been  more  or  less  diluted 
by  the  addition  of  peat,  or  peat  charcoal,  sawdust,  coal-ashes, 
gypsum,  or  some  other  absorbent  that  had  been  added  to  facilitate 
the  drying  and  mitigate  the  stickiness  of  the  material.  Of  course 
the  product  must  vary  in  composition  according  to  the  amount  of 
inert  matter  that  has  been  added  to  it,  as  well  as  according  to  the 
state  of  freshness  of  the  night-soil  employed.  In  the  following 
table  analyses  are  given  of  poudrettes  that  were  formerly  made  at 
the  cities  named :  — 

Pood«tle..n»dei^             Wler.  gfgS?  NlT^^Ln^Adf  ^«^   ^^    ^ 

New  York  City,  Lodl  Muiiif.  /  32  62  14.88  0.96  1.06        1.88        1.05      tnoe 

Co.    (reported    by    8.   W.  i  16.80  18.40  0.98       

Johnson)                                  1 26.62  14.80  0.96        

Hartford,  Conn.  (8.  W.  John-  (  39.97  20.57  1.01        0.87        

son)                                           I          60.01  1.06         1.05        

Dresden, 

(Mttller) 19.60  20.80  2.10  2.60         1.60         2.70         a7D 

(Scheren) 18.42  11.26  1.34        

(Bretschneider) 16.91  35.12  1.68  2.75        0.81               6.28 

Cologne  (Oronven)     ....      12.80  36.20  2.01         3.01         0.65         

]trUnn(Kohlransch)  ....       7-17  20-53  1.0-2.5     2.5-8.0    0.8-1.3       

Koiiigsberg  (Klein) 31.00  1.73         1.67        

Loipzig  (Dietrich) 13.40  31.20  2.10  2.96         0.61         1.07 

Metz  (Stntser) 27.71  25.87  1.48         2.96        0.64        

Dorpat,      Jama's       process 

Cnioms) 2.35        8.50        1.04        

ATorage  oomp.   of    modem 

German  poudrettes  (Wolff)       11.6  87.4  1.8          2.8          1.1         

Blood  Poudrette, 
Sometimes  poudrettes  have  been  made  by  mixing  solid  excre- 
ment, or  the  solid  part  of  night-soil,  with  blood  from  slaughter- 
houses, and  drying  the  mixture.     The  product  was  naturally  rich 
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in  nitrogen,  and  was  doubtless  a  powerful  manure,  though  apt  to 
vary  considerably  in  composition,  as  is  shown  by  the  following 
analyses :  — 

il871  .  .  9.38  74.10  16.52  9.08  0.87          0.64 

Brilan  (Kohlniuoh)   { 1871  .  .  8.73  87.81  3.46  12.44  8.46 

(1872  .  .  7.94  82.44  00.62  2.09  2.00           0.88 

Ylennft  (Kohlniuch)    1873  .  .  7.76  42.79  40.46  4.42          

Phosphate  Povdrette, 
Another  class  of  poudrettes  that  contained  considerable  quanti- 
ties of  phosphoric  acid  were  prepared  formerly  by  mixing  phos- 
phates with  the  sludge  from  night-soil, —  notably  spent  bone-black, 
which  helped  to  dry  the  material.  Analyses  of  these  phosphatic 
poudrettes  are  as  follows.  In  many  of  these  cases  the  sediment 
from  night-soil  had  doubtless  been  mixed  with  blood  as  well  as 
with  bone-black ;  or  the  mixture  of  blood  and  bone-black  that  is 
obtained  in  some  processes  of  refining  sugar  had  been  added  to 
the  night-soil :  — 

'^^^'^fs"^""  ^•*«-    siss:  N**«««*- 

(     8.22  48.69  7.14 

Berlin  (Lucanus)        \     8.47  65.36  6.53 

(  12.26  43.13  3.22 

Breslau  (Hellriegel)         7.26  60.20  9.30 

(  20.48  25.23  2.51 

Hanover  (Hellriegel)^  12.12  27.82  3.90 

(     9.04  34.26  2.65 

Dresden  (Fleck)  .  .  .  49.85  3.56 

BerUn  (Heidepriem)        5.61  46.73  5.11 

Vienna  (Eohlrausch)       9-19  22-30         1.4-2.3 

Paris  (Voelcker)  25.20  26.14  3.35 

In  the  category  of  phosphatic  poudrettes  may  be  mentioned  a 
product  prepared  by  a  secret  process  by  one  Thon,  which  attracted 
considerable  attention  among  chemists  some  years  ago.  What- 
ever the  cost  of  making  the  material  may  have  been,  its  compo- 
sition was  excellent,  as  was  shown  by  repeated  analyses  made  by 
several  chemists.  These  analyses  showed  the  following  per  cent 
of  substances :  — 

Water 10-12 

Organic  and  yolatile  matters     ....    30-40 

Ash-ingredients 50-60 

Nitrogen 4-6 

Total  phosphoric  acid 10-12 

Potash 1.^ 

•  Phoiphato  of  lime.  t  Fhotphatet.  X  Alkftline  lalts. 


Fhon»b. 
Acid. 

PoUidi. 

14.10 

.  ■  • 

8.72 

•  •  • 

3.73 

a     .     • 

8.29 

.     .     • 

15.88 

... 

19.11 

0.42 

16.98 

0.36 

14.16* 

.  .  . 

11.75 

• 

3.3-10.7 

0.8-2.0 

17.17t 

3.22t 
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Nearly  one-half  the  phosphoric  acid,  viz.  4.5  to  5  %,  was  soluble 
in  water,  and  the  remainder,  excepting  one  or  two  per  cent  of 
ferric  and  magnesium  phosphate,  was  in  the  form  of  precipitated 
phosphate  of  lime.  One  of  the  analyses  indicated  that  1.75  %  of 
the  nitrogen  was  in  the  form  of  ammonia,  and  that  nearly  half  of 
one  per  cent  of  the  nitrogen  was  in  the  form  of  urea.  So  large 
an  amount  of  soluble  phosphoric  acid,  taken  in  connection  with  the 
presence  of  15  ^  of  sulphuric  acid  in  the  ashes  of  the  prociuct, 
went  to  show  that  the  process  of  manufacture  may  perhaps  have 
consisted  in  adding  superphosphate  of  lime  to  fresh  excrementa, 
perhaps  with  the  addition  of  a  little  free  sulphuric  acid  also. 

Thon  submitted  his  secret  to  the  chemist  Dietrich,  who  several 
times  prepared  small  quantities  of  poudrette  in  accordance  with 
the  formula,  and  found  that  every  particle  of  the  nitrogen  in  urine 
could  be  preserved  by  means  of  it.  Thon's  poudrette  was  a  dry, 
yellowish  powder. 

Ta-feu. 

A  product  of  Chinese  invention,  known  as  Ta-feu  (Taffoe  of 
the  Germans),  was  prepared  originally  by  kneading  excrement 
and  loam  together,  moulding  the  product  into  bricks  and  drying 
the  latter  in  the  air.  A  sample  of  a  German  preparation  sold 
under  this  name,  and  consisting  chiefly  of  peat  and  lime,  has  been 
analyzed  by  Klien.  It  contained  31  %  of  organic  matter,  40  % 
of  ashes,  1.7  %  of  nitrogen,  and  1.6  %  phosphoric  acid.  In  a 
sami^le  of  so-called  ta-feu  marl,  Klien  found  4.4  %  of  organic 
matter,  57  %  of  lime  and  carbonate  of  lime,  0.32  %  of  nitn^en, 
and  0.37  %  of  phosphoric  acid.  It  had  been  prepared,  apparently, 
by  slacking  quick-lime  with  the  liquid  part  of  night-soil. 
Processes  of  Evaporation. 

If  fresh  urine  were  to  be  evaporated  to  complete  dryness  so 
carefully  that  none  of  its  nitrogen  should  be  decomposed,  an  ex- 
tremely powerful  fertilizer  would  be  obtained;  each  100  lb.  of 
which  would  contain  some  25  lb.  of  nitrogen,  4  lb.  of  phosphoric 
acid,  and  5  lb.  of  potash  and  soda.  But  to  obtain  100  lb.  of 
such  residue  an  amount  of  urine  would  have  to  be  taken  equal  to 
all  that  is  voided  in  a  day  by  1,000  men.     (Stceckhardt.) 

Way's  analysis  of  dried  solid  excrement  shows  88.5  %  organic 
matter,  4.3  ^  phosphoric  acid,  1.2%  potash,  and  from  4.3  to  7  % 
nitrogen.  The  fresh  excrement  contained  from  20.4  to  26.8  %  of 
water,  and  from  1.2  to  1.5  %  of  nitrogen.     He  estimated  that 
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each  individual  in  a  city  would  contribute  to  the  sewage  0.25  lb. 
of  solid  and  3  lb.  of  liquid  excrement  every  24  hours. 

Accoixling  to  Nesbit,  if  fresh  human  excrements,  solid  and 
liquid  together,  were  thoroughly  dried,  each  100  lb.  of  the  product 
would  contain  some  17  lb.  of  nitrogen,  and  8  lb.  of  phosphoric 
acid,  or  in  a  ton  there  would  be  say  840  lb.  of  nitrogen  and  60  lb. 
of  phosphoric  acid.  Even  sewage  evaporated  to  dryness  may 
contain,  according  to  one  of  the  English  commissions,  80  ^  or- 
ganic matter,  70  %  ash  ingredients,  6}  ^  nitrogen,  If  ^  phos- 
phoric acid,  and  1  ^  potash. 

Dried  Excrement. 

Efforts  have  not  been  wanting  to  put  the  idea  of  evaporation 
into  practical  form,  and  in  several  German  towns  really  good 
manure  seems  to  have  been  obtained  in  this  way,  i.  e.  by  acidify- 
ing with  sulphuric  acid  tolerably  fresh  excrement  which  has  been 
collected  in  barrels,  and  evaporating  the  material  to  dryness.  The 
first  five  analyses  in  the  following  list  are  of  poudrettes  known  to 
have  been  prepared  in  this  way,  and  the  other  specimens  appear 
to  have  been  similarly  treated  :  — 

Composition  of  Dried  Excrement, 

Orgaoie 

Water.  andVolAtlle    Nitrogen.  Phoiph.  Aeid.     PotMh. 
Matter. 

MUbam  Co.  (Voelcker)  .    .       10.48  60.69  6.6  6.12  (phoiph.  lime) 

StattgBTd  (Bozhlet) ....  7.6^^.96  2.73-3.60 

Heidelberg     ••          ....  8.3^.1  3.0-^.1 

AngBbarg        "          ....  6.0-6.1  3.0-3.7 

Munich  (Bozhlet)  from  Tanlts     ....  ....  8.4-9.6  0.7-1.0 

Berlin  (Mitreker) ....  4.69  4.06  (2.94% soluble) 

<*      (Fittbogen) ....  4.65  4.09  (3.16  %BOlable) 

"      (Zioreek) ....  4.66 (2.60 %8olablephoeph.  aeid) 

"             ••             ....  6.16  8.38                           2.26 

Miinster  (Kdnig) ....  6.69  3.27                          2.48 

Halle  (Mircker) ....  5.00  2.91                         2.70 

Bnonsohvelg  (Bchols) ....  6.80  3.10                       3.20 

(FrnhUng) ....  6.16  2.96                         2.89 

Hamburg  (Ulez) ....  6.30  3.39                        2.31 

Similar  poudrettes  prepared  from  tolerably  fresh  excrements, 
as  obtained  by  Liemur*s  pneumatic  process,  have  been  found  to 
contain  the  following  percentages,  as  obtained  at 

Water. 
Dortrecht  (Burgh)      .    .  12.0-22.6 

Hague 16.84 

Breda 22.10 

Dublin  (E.  W.  Davy)  .    .      15.86 
VITlesbaden  (Fresenius)  .      14.82 

<»(4.25  %  aa  ammonia)  t  (6.7  %  aa 

VOL.  11—29. 


Nitrogen. 

Fhoep.  Aeid.        Alkaliei 

1.6-7.0 

1.6-4.0 

7.80 

2.0 

6.69* 

1.1 

6.32 

6.85  (phoephatee) 

7.56t 

2.66                 3.10 
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It  does  not  appear  as  yet  whether  any  legitimate  money  profit 
has  been  gained  by  making  these  poudrettes.  Indeed,  it  is  doubt- 
ful on  the  face  of  the  matter  whether  profit  can  possibly  be  gained 
by  burning  fuel  to  drive  off  the  large  amounts  of  water  with  which 
even  fresh  excrements  are  diluted,  for  the  sake  of  getting  the  fer- 
tilizing constituents.  The  probabilities  are,  that  the  labor  ex- 
pended and  coal  consumed  in  making  such  poudrettes  must  cost 
more  than  the  dried  excrement  is  worth.  Perhaps  the  making  of 
them  may  have  depended  primarily  upon  efforts  of  the  municipal 
authorities  to  find  some  outlet  for  the  night-soil. 

There  was  no  sense,  at  all  events,  in  making  an  English  pro- 
duct known  as  '*  sulphated  urine,"  which  was  prepared  some  years 
ago  by  adding  to  stale  urine  enough  sulphuric  acid  to  neutralize 
the  ammonia,  and  then  evaporating  the  liquid  to  dryness.  For 
although  the  dried  sulphated  urine  was  really  rich  in  plant-food, 
and  was  an  efiScient  manure,  it  was  not  worth  the  cost  of  mana- 
facture.  A  similar  remark  will  apply  to  a  process  tried  much 
more  recently  in  Germany,  by  which  the  liquid  portion  of  night- 
soil  was  evaporated  in  vacuum  pans. 

Chodzko's  Process  of  ^^Gh-aduation.'* 

A  more  reasonable  plan,  putting  sanitary  considerations  aside, 
was  tried  at  one  time,  outside  of  Paris,  by  an  inventor  named 
Chodzko,  who  sought  to  save  the  fertilizing  matters  in  the  actually 
liquid  part  of  the  night-soil,  which  had  previously  been  allowed  to 
run  to  waste.  To  clarify  and  disinfect  the  liquid  there  was  added 
to  it  either  sulphate  of  magnesia  or  a  mixture  of  the  magnesium 
sulphate  and  sulphate  of  iron,  together  with  a  little  tar,  and  pot- 
ashes enough  to  destroy  the  acid  reaction  of  the  mixture.  The 
clear  liquid  was  then  subjected  to  a  process  of  evaporation  which 
consisted  in  making  it  trickle  over  a  large  surface  of  fagots  held 
up  in  a  framework,  —  as  in  the  well-known  process  of  concen- 
trating weak  brines  by  *' graduation," — and  finally  beating  the 
fagots  to  detach  the  incrustations  which  had  formed  upon  them. 
In  good  weather,  new  portions  of  the  liquid  were  run  in  upon  the 
fagots  two  or  three  times  a  day,  and  after  the  lapse  of  a  fortnight 
or  three  weeks  in  summer,  or  of  two  months  in  winter,  the  twigs 
were  suflSciently  incrusted  to  be  left  to  dry  out.  On  analysis,  the 
fertilizer  beaten  from  the  fagots  showed  the  following  percentage 
composition :  — 

Orranic  Tir»*».    Sand  and    Mainiesiaan  d     Total  NU    ^mmo-    Ni-     Phospb.    ti».. 
Matter,    water.       ^^j^^       Oxide  of  Iron.      tro^eii.         uia.    trates.     Acid.       *^™*- 

53.53      17.75       4.50  i.50  4.20        0.65  trace    4.48        4.10 
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The  product  was  distiDCtly  superior  to  ordinary  poudrette,  such 
as  was  then  prepared  at  Paris. 

PodewUs'  Scheme, 
Baron  Podewils  proposed,  as  one  method  of  treating  fresh  ex- 
crements, 1st,  to  prevent  them  from  putrefying  by  means  of  smoke ; 
2d,  to  dry  the  matter  down  to  about  half  its  bulk  by  artificial  heat ; 
then  to  mix  with  it  absorbents,  such  as  coal- ashes,  peat-powder, 
soot,  or  the  like  (even  finished  poudrette  would  answer) ;  and  to 
mould  the  plastic  mixture  into  bricks  which  could  be  dried  in  the 
air.  Finally,  the  dried  bricks  were  crushed  to  powder.  The  fol- 
lowing analyses,  by  Wein,  relate  to  such  poudrette  as  this,  and  to 
the  making  of  it. 

Bzerementi  Half -dried  FinftilMd  Poo- 

dried  doim  Half-dried  FMte  after  drettepre- 

withontany  Paste.  Addition  pared  with 

Addition.  of  Aahee.  Aahee  and  Soot. 

Water 9.01  42.69  38.67  7.66 

Organic  and  volatile  matter    .    69.13  38.68  36.67  68.78 

ABh-ingredientB 31.87  18.73  26.76  23.67 

Nitrogen 10.66  7.34  7.04  6.32 

Phosphoric  add 4.48  2.64  2.18  3.90 

Excluding  water  in  each  case,  the  dry  substance  contained  per 
cents  of 

Half -dried     Paste  and        Finished 
Bzorements.     Ftete.  Ashes.        Poudrette. 

Organic  and  volatile  matter    64.97  67.31  58.07  74.47 

Ash-ingredients     ....    35.03  32.69  41.93  25.53 

Nitrogen 11.89  12.80  11.45  5.76 

Phosphoric  acid     ....      4.81  4.43  3.55  4.22 

Treatment  with  Sulphates. 
Sulphates  of  one  kind  or  another,  particularly  sulphate  of  iron 
(copperas),  have  often  been  used  for  treating  night-soil.  In  most 
European  cities,  where  it  has  long  been  customary  to  exercise  great 
care  in  emptying  privy  vaults  in  order  to  avoid  the  offensive  gases 
which  are  liable  to  be  given  off  when  the  contents  of  these  re- 
ceptacles are  disturbed,  it  is  not  unusual,  as  a  preliminary  pre- 
caution, to  throw  into  the  vault  a  quantity  of  a  solution  of  ferrous 
sulphate,  or  of  some  other  disinfecting  agent,  and  then  to  pump 
out  the  muddy  liquid  into  a  tight  wagon  by  means  of  force  pumps, 
or  to  draw  it  out  into  great  iron  cylinders  in  which  a  vacuum  has 
been  established  by  the  condensation  of  steam.  Care  is  taken  to 
prevent  the  escape  of  offensive  gases  into  the  air,  —  sometimes  by 
compelling  the  foul  air  from  the  pumps  to  pass  through  a  little 
stove  full  of  burning  charcoal,  by  which  means  the  odor  is  de- 
stroyed. 
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Of  course,  the  sulphate  of  iron,  when  thus  used,  arrests  a  large 
quantity  of  ammonia,  by  converting  the  carbonate  of  ammonia 
into  sulphate,  though  its  special  merit  in  this  case  depends  on  the 
fact  that  it  reacts  upon  Bulphuretted-hydix>gen  and  ammonium 
sulphide  and  destroys  the  foul  odor  of  these  substances.  It  is  as 
a  disinfecting  agent  rather  than  as  a  fixer  of  ammonia  that  cop- 
peras is  here  used.  It  acts  also  as  a  germicide,  to  destroy  the 
micro-organisms  which  cause  fermentation  and  putrefaction,  and 
to  prevent  their  growth  also.  Thus  it  is,  that,  when  applied  to 
fresh  excrements,  copperas  acts  as  a  preservative,  and  hindera 
their  decay. 

According  to  Pettenkofer,  if  fresh  excrements  were  to  be  treated, 
immediately  and  methodically,  with  a  solution  of  copperas  (1  part 
in  2  or  3  parts  of  cold  water) ,  less  than  an  ounce  of  the  salt  per 
Jiead  and  day  would  be  sufficient  to  prevent  the  materials  from 
undergoing  ammoniacal  fermentation.  Excluding  winter  weather, 
when  no  disinfection  would  be  needed  anyway,  a  dozen  or  fifteen 
pounds  of  copperas,  obtained  at  a  nominal  cost,  would  suffice  for 
treating  the  excrements  of  an  individual  for  a  year.  It  is  to  be 
said,  however,  that,  as  regards  night-soil,  the  deodorizing  powers 
of  copperas  are  but  partial ;  it  arrests  sulphuretted  hydrogen,  it  is 
true,  but  has  no  action  upon  a  variety  of  other  offensive  matters 
which  are  always  present. 

Action  of  Copperas  on  Plants. 

In  view  of  the  fact  that  ferrous  compounds  are  apt  to  be  inju- 
rious to  plants,  it  is  to  be  presumed  that,  as  a  general  rule,  it 
might  be  well  not  to  apply  night-soil  that  had  been  treated  with 
copperas  immediately  to  crops,  but  to  leave  it  exposed  to  earth 
and  air  long  enough  for  the  ferrous  compounds  to  become  con- 
verted to  the  ferric  condition,  though  there  are  excellent  experi- 
ments by  Kellner  which  show  that,  practically,  field  crops  are  not 
ordinarily  interfered  with  by  the  ferrous  sulphate  which  has  been 
used  to  deodorize  night-soil.  This  immunity  probably  depends  on 
the  extreme  dilution  of  the  copperas  thus  admixed  with  the  fsecal 
matter  and  on  the  rapid  oxidation  of  it  when  strewn  upon  the  land, 
for  A.  Mayer  has  shown  that,  with  the  exception  of  oats,  the 
cereal  grains  are  apt  to  be  more  or  less  injured  by  applications  of 
ferrous  sulphate.  He  found  that,  in  respect  to  tlieir  sensitiveness 
toward  copperas,  the  cereals  might  be  placed  in  the  following 
order :  wheat,  rye,  barley,  oats.      He  notes  that  this  result  is  in 
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accord  with  a  popular  impression  that  oats  are  better  fitted  for 
iron  soils  than  either  of  the  other  grains  and  than  most  of  the  true 
grasses. 

Since  a  very  early  period  sulphate  of  iron  has  often  been  used 
upon  ordinary  manure-heaps  to  hinder  their  decay,  and  to  prevent 
a  real  or  supposed  loss  of  ammonia ;  and  so  have  pyritous  coal 
and  pyritous  lignite,  from  which  sulphate  of  iron  is  formed  by  the 
action  of  the  air.  It  was  thought  at  one  time  long  ago  —  and  the 
idea  has  recently  been  resuscitated  in  respect  to  ferrous  sulphate 
—  that  the  pyritous  refuse  from  mines  of  lignite  was  specially 
valuable  as  a  fertilizer,  but  the  probabilities  are  that  the  iron  sul- 
phate did  good  indirectly  either  by  virtue  of  sulphate  of  ammonia 
which  it  may  perhaps  hold  in  combination,  or  because  it  served  to 
decompose  lime  compounds  in  the  soil  with  formation  of  gypsum, 
which  in  its  turn  acted  as  if  it  had  been  applied  directly. 

Pichard  in  his  experiments  found  that  gypsum  was  much  more 
effective  than  copperas  for  preventing  the  loss  of  nitrogen  from 
clay  soils,  and  equally  effective  with  it  on  light  calcareous  loams, 
but  in  sandy  soils  gypsum  was  less  efficient  than  copperas,  be- 
cause it  is  less  soluble.  He  argues  that  copperas  may  do  better 
service  than  gypsum  on  dry,  sandy  soils  deficient  in  clay,  lime  and 
ferric  oxide,  but  that  on  all  other  soils  gypsum  is  to  be  preferred. 

For  fixing  the  ammonia,  which  might  otherwise  be  lost  from 
manures  in  a  condition  of  hot  fermentation,  copperas  may  be  valu- 
able, as  has  been  said,  but  on  account  of  its  antiseptic  propei*ties 
it  might  do  harm  to  slowly  decomposing  organic  matters  and  in 
the  compost-heap.  Most  salts  of  iron  are  inimical  to  the  micro- 
organisms which  cause  the  decay  and  destruction  of  organic  mat- 
ters, though  it  has  been  noticed  that  lactate  of  iron  (and  other 
salts  of  iron  with  organic  acids?)  may  promote  nitrification. 

On  the  other  hand,  carbolic  acid  that  has  been  used  for  disin- 
fecting excrements  may  do  harm  by  hindering  the  germination  of 
seeds.  Thus  Kellner  found  that  the  presence  of  0.25  ^  of  car- 
bolic acid  hindered  the  germination  of  barley,  while  1  ^  killed  the 
seeds.  So  too,  a  0.1  ^  solution  of  carbolic  acid  suspended  the 
germinative  power  of  wheat,  and  a  0.05  ^  solution  that  of  soy 
beans.  By  field  experiments  also  it  was  found  that  wheat,  barley 
and  buckwheat  suffered  harm  when  sown  soon  after  the  land  had 
been  manured  with  diluted  night-soil  that  had  been  treated  with 
-carbolic  acid.     But  in  case  the  carbolic  night-soil  was  ploughed 
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under  in  October  and  left  during  the  winter  to  the  action  of  the 
weather,  it  exerted  hardly  any  appreciable  injurious  action  upon 
seeds  sown  in  the  spring. 

Sulphate  of  zinc,  also,  and  chloride  of  zinc,  have  sometimes 
been  used  to  disinfect  night-soil,  in  much  the  same  way  as  sul- 
phate of  iron. 

Action  of  Oypsum  on  Urine. 

A  fertilizer  called  ^*  urate"  was  at  one  time  made  in  England 
by  adding  gypsum  to  urine,  and  collecting  and  drying  the  pre- 
cipitate produced.  This  precipitate  contained  a  considerable  pro- 
portion of  the  phosphoric  acid  of  the  urine,  though  very  little  of 
its  nitrogen ;  and  since  the  principal  value  of  urine  depends  upon 
the  nitrogen  contained  in  it,  the  process  was  not  one  of  any  merit. 

Gypsum  has  often  been  mixed  with  night-soil,  with  the  idea 
that  it  would  decompose  carbonate  of  ammonia  and  hold  the  am- 
monia as  a  sulphate.  It  is  inferior  to  copperas  not  only  in  this 
respect,  and  because  it  does  not  destroy  the  odor  of  sulphuretted- 
hydrogen,  but  because  as  a  germicide  it  is  not  to  be  compared 
with  copperas.  Moreover,  it  has  no  power  to  mitigate  the  pecu- 
liar offensive  odor  of  putrid  urine,  which  is  due  to  the  presence  of 
some  substance  quite  distinct  from  ammonia. 

At  one  time,  many  years  ago,  sulphate  of  ammonia  was  prer 
pared  as  a  commercial  product  by  filtering  fermented  urine  through 
gypsum;  but  the  process  was  offensive  and  inconvenient,  and 
would  be  much  too  costly  nowadays,  when  ammonia  is  to  be  had 
as  a  waste  product  at  gas  works.  Indeed,  even  if  the  gas-liquor 
were  not  to  be  had,  it  would  be  cheaper  to  obtain  ammonia  from 
fermented  urine  by  way  of  distillation,  than  by  means  of  the  old 
gypsum  process. 

Manufacture  of  Ammonium  Salts  from  Urine. 

In  view  of  the  ready  volatility  of  ammonia,  it  would  be,  com- 
paratively speaking,  easy  and  inexpensive  to  procure  this  substance 
from  fermented  urine  by  way  of  distillation,  as  is  done  in  the  case 
of  the  ammoniacal  liquor  of  gas-works,  if  it  were  only  possible  to 
collect  large  quantities  of  urine  without  offense,  or  even  if  it  were 
economically  practicable  to  control  the  fermentation  of  urine  so 
that  it  could  be  brought  to  the  factory  in  a  condition  of  tolerable 
freshness.  As  has  been  shown  already,  on  heating  water  which 
contains  ammonia,  almost  the  whole  of  the  ammonia  will  go  off 
with  the  first  fifth  of  the  water  that  evaporates.     Hence  it  would 
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only  be  necessary  to  distil  off  little  more  than  one-fifth  part  of  the 
bulk  of  the  fermented  urine  in  order  to  expel  all  the  ammonia  that 
was  contained  in  it,  which  would  amount  to  something  like  one-fifth 
of  one  per  cent  of  the  original  liquid.  The  distillate  might  be 
made  to  pass  directly  into  sulphuric  acid  to  form  sulphate  of  am- 
monia, or  it  might  be  led  into  another  batch  of  urine,  which  could 
thus  be  converted  into  a  more  concentrated  solution  of  ammonia, 
fit  perhaps  to  be  mixed  directly  with  the  acid. 

One  idea,  suggested  by  Bolton  and  Wanklyn,  was  to  lead  the 
ammoniacal  fumes  arising  from  the  evaporation  of  urine  into  a 
box  filled  with  trays  charged  with  sulphate  of  lime.  By  the  action 
of  the  carbonate  of  ammonia  on  the  lime  sulphate,  there  would  be 
formed  carbonate  of  lime  and  sulphate  of  ammonia.  But  on  heat- 
ing this  mixed  pixxluct,  carbonate  of  ammonia  would  exhale,  and 
could  be  collected,  while  sulphate  of  lime  would  again  be  formed. 
Another  plan  was  to  lead  the  ammoniacal  fumes  from  the  urine 
into  a  clear  solution  of  superphosphate  of  lime.  From  this  liquor, 
after  evaporation,  a  double  phosphate  of  lime  and  ammonia  could 
be  made  to  crystallize  out. 

In  distilling  stale  urine  it  would  be  well  to  add  to  it  a  small 
quantity  of  milk  of  lime,  or  even  chalk,  in  order  to  decompose  any 
phosphate,  sulphate,  chloride,  or  other  non- volatile  ammonium 
salt,  that  might  be  present.  This  lime  would  combine  with  the 
phosphoric  acid  in  the  urine,  and  render  it  insoluble,  so  that  this 
constituent  could  be  saved  as  well  as  the  ammonia.  It  being  thus 
easy  to  save  the  only  two  ingredients  of  urine  that  have  an  ap- 
preciable value,  there  is  really  no  need  of  thinking  of  a  process  so 
troublesome  as  that  of  evaporating  unne  to  dryness  as  a  means  of 
utilizing  it. 

Urine  may  be  kept  Fresh, 

Several  chemists,  notably  Alex.  Muller  and  Grouven,  experi- 
mented many  years  ago  with  the  view  of  finding  some  means  of 
preserving  urine  so  that  it  might  be  collected  for  the  purpose  of 
being  put  to  use  by  the  process  of  distillation  just  now  alluded  to. 
So  far  as  the  mere  prevention  of  putrefaction  was  concerned,  they 
found  that  urine  could  be  preserved  in  several  ways  long  enough 
for  the  purpose  now  in  question.  The  presence  of  almost  any 
free  acid,  or  of  an  acid  salt,  in  urine,  will  prevent  the  action  of 
the  ferment  which  causes  urea  to  change  to  carbonate  of  ammonia. 
Nitric  acid  is  specially  powerful,  sulphuric  acid  much  less  so. 
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Ferrous  sulphate  and  the  sulphates  of  copper  and  zinc  are  effec- 
tive, and  so  are  carbolic  acid,  and  coal  tar,  and  tannin.  As  is 
now  known,  almost  any  germicide  would  answer  the  purpose.  In 
case  fresh  urine  were  thus  acidified,  it  would  be  an  easy  matter  to 
neutralize  the  acid  at  the  ammonia  works,  and  to  prepare  the  urine 
for  distillation  by  mixing  with  it  a  quantity  of  ui*ine  that  was  al- 
ready undergoing  the  ammoniacal  fermentation,  and  allowing  it  to 
stand  for  a  day  or  two.  It  is  manifest,  however,  and  the  point 
was  freely  admitted  by  Muller,  that  special  appliances  would  be 
required  for  mixing  the  preservative  agent  with  the  fresh  nrine, 
and  that  the  tanks  and  other  apparatus  used  would  have  to  be 
frequently  and  carefully  cleaned. 

In  one  word,  it  appears  that,  beside  all  the  ordinary  costs  of 
collection  and  transportation,  a  good  deal  of  trouble  would  have  to 
be  taken  in  order  to  obtain  a  supply  of  urine  without  offense,  and 
it  is  precisely  this  trouble  which  there  is  no  need  of  taking  so  long 
as  ammonia  can  be  obtained  at  less  cost  from  the  products  of  the 
distillation  of  coal. 

Lack  of  Raw  Materiai. 

Grouven,  on  the  occasion  of  his  examination  as  to  the  possibil- 
ity of  utilizing  the  product  of  the  public  urinals  at  Colc^e,  en- 
countered yet  another  difficulty,  viz.  that  of  obtaining  enough  of 
the  raw  material  (fresh  urine)  to  keep  a  factory  in  profitable 
operation.  At  Cologne  he  found  that  45,000  cwt.  of  urine  could 
be  collected  in  a  year,  which  was  at  the  rate  of  40  lb.  for  each 
inhabitant,  or  nearly  10  ^  of  all  the  urine  voided  by  the  popula- 
tion of  the  city.  Supposing  the  whole  of  this  urine  were  evapor- 
ated, it  would  be  possible  to  get  4  %,  i.  e.  1,800  cwt.  of  diy  res- 
idue, and  if  the  manufacturer  were  to  double  this  quantity  by 
adding  to  it  acids,  or  superphosphate,  there  would  still  be  no  more 
than  3,600  cwt.  of  matter  to  be  sold,  — a  quantity  so  small  that 
a  factory  could  hardly  be  maintained  upon  the  profits  from  it.  He 
estimated  that  at  least  10  times  the  given  quantity  of  urine  would 
be  needed,  under  the  conditions  of  which  he  wrote,  in  order  that  a 
profitable  business  could  be  based  upon  it. 

When  considerations  such  as  these  come  in  to  increase  the  in- 
herent difficulties  of  the  subject,  —  viz.  those  that  depend  on  the 
offensive  odor  and  small  value  of  the  original  materials,  and  their 
rapid  deterioration  by  fermentation,  it  can  be  seen  clearly  enough 
why  it  is  that  manufacturers  of  manures  are  no  longer  much  en- 
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couraged  to  grapple  with  the  problem  of  utilizing  night-soil ;  let 
alone  the  fact  that  the  conviction  gains  ground  almost  everywhere 
that  the  best  way  of  dealing  with  the  filth  of  cities  is  to  dilute  it 
enormously  with  water,  and  throw  away  the  dirty  water  as  speedily 
as  may  be  possible. 

Manufacture  of  Sulphate  of  Ammonia  from  Night-SoiL 

Inasmuch  as  night-soil  usually  contains  less  nitrogen  than  urine 
does,  it  is  in  so  far  a  less  advantageous  source  of  ammonia  than 
urine  would  be  if  it  were  procurable.  But  it  has  occasionally  been 
found  practicable  to  prepare  sulphate  of  ammonia  from  the  liquid 
portion  of  night-soil  in  certain  localities,  though  the  amount  ob- 
tained in  this  way  has  in  modern  times  been  very  small,  as  com- 
pared with  that  made  from  gas  liquor.  At  Paris,  especially,  it 
it  has  long  been  customary  to  distil  considerable  quantities  of  the 
liquid  part  of  night-soil  for  the  sake  of  its  ammonia,  something 
like  8  lb.  of  sulphate  of  ammonia  being  obtained  from  100  U.  S. 
or  wine  gallons  of  the  liquor ;  in  other  words,  10  kilos,  of  the  sul- 
phate for  every  cubic  meter  (1000  litres)  of  the  liquor. 

More  recently,  a  reasonable  plan  for  saving  ammonia  from  the 
liquid  part  of  night-soil  has  been  proposed  by  Ketjen,  and  put  in 
practice  at  Amsterdam,  it  is  said  with  profit,  at  an  establishment 
fitted  to  work  over  250  cubic  metres  of  the  liquid  per  diem.  A 
small  quantity  of  milk  of  lime  is  added  to  the  liquid,  which  is  then 
heated  in  a  boiler  to  112°  C.  whereby  the  ammonia  is  wellnigh 
completely  expelled  and  the  night-soil  thoroughly  disinfected.  In 
the  course  of  a  year  72,100  kilos,  of  sulphate  of  ammonia  were 
obtained  in  this  way  from  8,750  cubic  metres  of  the  liquid.  The 
average  composition  of  the  original  liquid  was,  dry  matter  2  %, 
total  ammonia  0.33  ^,  phosphoric  acid  0.13  ^,  and  potash  0.07  ^. 
Of  the  ammonia,  nearly  0.2  ^  was  in  the  free  state,  0.08  ^  was 
in  the  form  of  ammonium  salts,  and  0.06  ^  in  organic  combination. 
By  means  of  a  filter-press,  the  solid  matter  left  in  the  liquor  after 
the  expulsion  of  the  ammonia  is  obtained  in  the  form  of  cakes 
containing  41-6  ^  water,  52.3  ^  carbonate  of  lime,  0.52  ^  ni- 
trogen (of  which  0.0323  ^  is  ammonia),  1.16  %  phosphoric  acid, 
and  0.16  ^  potash. 

Magnesium  Processes, 

Long  since,  it  was  a  favorite  idea  among  chemists  that  both  am- 
monia and  phosphoric  acid  might  be  precipitated  from  fermented 
urine  by  means  of  a  magnesium  salt.     One  suggestion  was,  even, 
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that  a  magnesium  salt  might  be  mixed  with  fresh  urine,  which 
should  then  be  made  to  ferment.  In  either  event,  the  insoluble 
double  phosphate  of  ammonia  and  magnesia,  so  familiar  to  ana- 
lytical chemists,  was  to  be  thrown  down  as  a  precipitate  which 
could  be  collected  and  used  as  a  manure.  The  fertilizing  power 
of  this  precipitate  is  undoubted,  since  it  has  been  proved  by  nu- 
merous experiments. 

There  are  several  difficulties  which  prevent  the  practical  applica- 
tion of  this  idea.  The  double  phosphate  is  a  crystalline  precipi- 
tate, which,  when  formed  in  presence  of  much  water,  separates 
out  very  slowly.  So  much  time  is  required  in  order  that  it  may  be 
deposited  from  a  liquid  so  dilute  as  urine  is,  that  a  very  large 
number  of  tanks  would  be  needed  at  a  factory  in  order  that  the 
contents  of  any  one  of  them  could  be  left  at  rest  long  enough  to 
insure  complete  deposition  of  the  precipitate.  Moreover,  the  pres- 
ence not  only  of  a  soluble  magnesium  salt,  but  of  an  excess  of 
some  base,  such  as  hydrate  of  magnesia  or  hydrate  of  lime,  is 
necessary  to  insure  the  complete  precipitation  of  the  ammonia. 

Several  inventors  have  sought  to  insure  the  precipitation  of  all 
the  ammonia  by  adding  phosphate  of  magnesia  to  stale  urine,  or 
night-soil,  or  sewage,  and  it  would  be  easy  to  prepare  any  quan- 
tity of  the  magnesium  phosphate  at  small  cost  from  superphosphate 
of  lime  and  waste  chloride  of  magnesium,  which  is  procurable  at 
Stassfurt.  Sometimes  it  has  been  suggested  that  phosphate  of 
soda  and  a  magnesium  salt  might  be  mixed  with  the  urine  or  night- 
soil,  or  a  mixture  of  supeiphosphate  of  lime  and  a  magnesium 
salt.  One  proposition  looking  to  the  more  rapid  separation  of  the 
double  phosphate  was  to  filter  the  fermented  urine  through  a  bed 
of  peat  charged  with  sulphate  of  magnesia.  One  trouble  is,  that 
the  double  phosphate  is  not  so  completely  insoluble  in  saline  solu- 
tions as  it  is  in  pure  water  or  in  water  charged  with  ammonia. 
Use  of  Alum  and  Stdphale  of  Alumina, 

Though  rather  inefficient  disinfecting  agents,  the  sulphates  of 
alumina  have  sometimes  been  employed  in  the  preparation  of  pou- 
drette  from  night-soil.  Probably  the  process  of  Forbes  and  Price, 
described  under  the  head  of  Sewage  on  a  subsequent  page,  would 
be  better  for  this  puipose  than  sulphate  of  alumina. 
Admixing  of  Excrement  tcith  Lim£, 

The  use  of  lime  for  preserving  fresh  excrements  has  repeatedly 
attracted  attention,  and  many  futile  efforts  have  been  made  to  pre- 
pare merchantable  fertilizers  by  means  of  it 
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Mosselmann,  in  France,  proposed  the  following  process.  Qaick- 
lime  is  slaked  with  half  its  weight,  or  with  an  equal  bulk  of  urine, 
and  the  dry  powder  thus  obtained  is  mixed  with  solid  excrement  in 
the  proportion  of  2  parts  excrement  to  2.5  parts  of  the  slaked  lime. 
The  mixture  is  ready  for  transportation  the  moment  it  is  prepared, 
and  it  contains  all  the  ingredients  of  the  original  urine  and  solid 
excrement,  excepting  a  quantity  of  water  which  was  evaporated  by 
the  heat  disengaged  in  the  act  of  slaking.  The  amount  of  water 
thus  lost  is  about  equal  to  the  weight  of  the  lime.  With  the  water, 
some  small  traces  of  ammonia  escape  that  existed  ready  formed  in 
the  matter  treated. 

Of  course  a  large  quantity  of  ammonia  would  be  expelled  by  the 
lime  if  the  latter  were  added  to  old  night-soil  that  had  undergone 
fermentation.  In  order  to  obtain  the  best  results,  the  process  im- 
peratively requires  that  the  excrement  and  the  urine  shall  be 
treated  while  still  fresh. 

It  was  claimed  at  one  time  that  the  dry  product  could  be  kept 
indefinitely  without  undergoing  change,  but  it  appeared  subse- 
quently that  a  certain  amount  of  change  does  slowly  occur.  The 
process  has  been  modified  somewhat  to  meet  the  case  where  a 
large  quantity  of  urine  is  to  be  treated ;  for  when  urine  alone  is 
mixed  with  lime,  the  latter  can  be  made  to  absorb,  by  repeated 
additions,  as  much  as  three  times  its  own  volume  of  the  liquid, 
while  something  more  than  half  of  the  water  o&  the  mine  escapes 
in  the  form  of  steam. 

In  operations  carried  out  upon  the  large  scale,  it  was  found 
that  even  in  winter  one  part  of  lime  could  be  made  to  absorb  three 
parts  (by  bulk)  of  mixed  solid  and  liquid  excrement.  But  in 
summer  somewhat  more  water  went  off  in  the  process  of  slaking, 
so  that  the  final  product  contained  only  20  ^  of  lime.  The  process 
has  evidently  a  certain  degree  of  merit,  and  it  is  easy  to  admit  that 
cases  may  occasionally  arise,  as  at  prisons,  barracks  or  factories 
(gas  works?),  where  it  might  be  employed  with  advantage  in  the 
interests  of  agriculture.  From  the  large  amount  of  lime  required, 
however,  it  would  be  very  difficult  to  put  the  process  in  practice 
as  a  sanitary  measure,  looking  to  the  economical  purification  of 
cities.  The  difficulties  attending  the  handling  and  marketing  of 
large  masses  of  material  would  practically  be  insuperable.  One 
of  the  sewage  commissions  of  the  city  of  Berlin  computed  that, 
if  the  process  were  applied  to  a  city  of  550,000  inhabitants. 
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nearly  a  million  and  a  half  bushels  of  quicklime  would  be  needed 
every  year. 

Practical  experience  at  the  farm  has  still  to  determine  whether 
there  may  not  be  some  localities,  as  in  regions  of  heavy  clay  lands, 
for  example,  where  limited  amounts  of  the  limed  excrement  would 
be  valuable  enough  as  manure  to  permit  the  material  to  be  trans- 
ported to  moderate  distances. 

Analyses  of  the  product  as  obtained  (I)  from  Mosselmann  him- 
self, and  (II)  as  prepared  in  two  different  Grerman  towns,  indi- 
cated the  presence  in  it  of  the  following  per  cents  of 

I.  II. 

Water 34.00  46.00  30.00 

Organic  and  volatile  matters    .  18.38  10.00  9.00 

Nitrogen 0.69              Not  determined. 

Phosphoric  add 0.19               1.06  1.23 

Lime 24.40  30.30  41.00 

Magnesia 0.63               0.77-1 

Potash 0.28               0.04/  ""^ 

Herv6-Mangon  reports,  as  the  result  of  numerous  analyses,  that 
Mosselmann's  product  hardly  contains  half  of  one  per  cent  of  ni- 
trogen. 

A.  MuUer*s  Lime-process. 

About  the  same  time  that  Mosselmann  published  his  process  in 
France,  the  chemist  Alex.  Miiller  was  occupied  with  experiments 
upon  the  action  of  lime,  at  Stockholm.  Miiller  found  that,  when 
fresh  faeces  are  mixed  with  lime,  only  an  insignificant  quantity  of 
ammonia  is  given  off.  He  proved,  indeed,  by  numerous  experi- 
ments, that  fresh  faeces  do  not  contain,  on  the  average,  more  than 
0.1  ^  of  ammonia. 

Miiller,  like  Mosselmann,  found  that  it  is  easy  to  convert  solid 
excrement  into  a  dry  powder,  fit  to  be  transported,  by  the  use  of 
lime.  He  urges,  however,  that  the  proportion  of  lime  should  be 
kept  as  small  as  possible,  and  that  it  will  usually  be  best  to  resort 
to  air  and  the  sun's  heat  in  order  to  complete  the  drying.  He  sug- 
gests also  that,  whenever  the  process  is  applied  to  night-soil  that 
has  begun  to  ferment,  an  arrangement  should  be  provided  for 
saving  any  ammonia  which  may  be  evolved,  by  causing  it  to  come 
into  contact  with  some  acid  absorbent,  such  as  superphosphate  of 
lime,  peat  wet  with  sulphuric  acid,  or  the  like. 

A  German  mechanic,  named  Schur,  seeking  to  bring  Miiller'a 
ideas  into  practical  use,  constructed  a  closet  in  such  manner  that. 
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while  the  faeces  and  urine  were  separated,  the  faeces  were  covered 
with  a  small  quantity  of  powdered  lime  mixed  with  a  little  fine 
charcoal,  something  in  the  same  way  that  dry  earth  is  now  applied 
in  the  earth-closet.  A  sample  of  the  dry  product  from  one  of 
these  lime-closets  was  found  to  contain  2  %  of  nitrogen  and  4  % 
of  phosphates. 

The  mode  of  action  of  the  lime  upon  the  excrement  is  similar  to 
its  action  upon  other  forms  of  nitrogenized  organic  matter,  as  has 
been  set  forth  under  the  head  of  Fish- Waste.  Insoluble  com- 
pounds of  lime  and  organic  matter  are  formed,  which,  so  long  as 
they  are  kept  dry,  resist  decay  and  putrefaction.  A  small  inci- 
dental advantage  is  that  the  lime  retains  the  phosphoric  acid  of 
the  urine  also,  though  the  amount  of  it  is  never  very  large  (ac- 
cording to  Miiller,  the  proportion  of  phosphoric  acid  in  fresh  urine 
may  vary  from  0.1  %  to  0.3  %),  For  that  matter,  Miiller  found 
that  the  phosphoric  acid  in  fresh  urine  may  be  completely  precip- 
itated by  adding  a  small  quantity  of  a  soluble  lime  salt  and  a  lit- 
tle hydrate  of  lime,  i.  e.  enough  to  make  the  liquid  alkaline. 

Tlie  evaporation  of  water  from  the  excrements  by  the  heat  de- 
veloped during  the  slaking  of  the  lime  is  an  important  considera- 
tion, of  course,  but  it  is  altogether  subordinate  to  the  union  of  the 
lime  and  the  organic  matter  on  which  the  preservation  of  the  ma- 
terial depends. 

It  is  noteworthy  that  the  use  of  lime  for  preserving  excrement 
is  a  very  old  idea,  and  that  beside  the  effoi*ts  above  mentioned, 
numerous  other  attempts  have  been  made  to  put  it  in  practice. 

Sir  Humphry  Davy,  in  his  Lectures  delivered  in  London  at  the 
beginning  of  this  centui*y,  says :  *^  The  disagreeable  smell  of 
night-soil  may  be  destroyed  by  mixing  it  with  quicklime.  If  ex- 
posed to  the  atmosphere  in  thin  layers,  strewed  over  with  quick- 
lime, in  fine  weather,  it  speedily  dries,  is  easily  pulverized,  and 
in  this  state  may  be  used  in  the  same  manner  as  rape-cake,  and 
delivered  into  the  furrow  with  the  seed."  As  will  appear  further 
on  under  the  bead  of  Flocculation  by  Lime,  there  can  be  little 
doubt  that  lime  must  act  to  promote  the  drying  out  of  night-soil 
in  the  air  since  it  would  tend  to  destroy  a  peculiar  muddiness  and 
stickiness  which  ordinarily  binders  it  not  a  little  from  drying. 

From  a  subsequent  paragraph  it  is  to  be  inferred  that  Davy 
believed  that  the  Chinese  use  quicklime  in  this  way ;  and  it  is  well 
known  that  quicklime  is  often  placed  in  coffins  in  China  to  pre- 
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vent  or  retard  the  decomposition  of  the  corpse.  As  long  ago  as 
1802,  Estienne  proposed  to  prepare  manure  from  night-soii  by 
mixing  its  solid  portion  with  lime,  and  drying  the  mixture  in  the 
sun.    Payen  at  one  time  had  much  to  say  upon  the  subject. 


CHAPTER  XXrV. 

P0TAS8IC  MANURES. 

It  will  be  observed  that  the  subjects  of  the  chapters  immedi- 
ately preceding  —  notably  Dungs,  CcMuposts,  and  Organic  Mat- 
ters—  have  been  treated  of  primarily  as  nitrogenous  manures. 
There  remain  to  be  considered  several  mineral  substances  which 
are  employed  as  fertilizers,  and  among  them  the  compounds  of 
potash  may  fairly  be  regarded  as  most  important. 

As  has  been  seen  already,  potassium  is  absolutely  necessary  for 
the  growth  of  plants.  Indeed,  there  must  be  a  tolerably  large 
supply  of  the  compounds  of  this  element  within  reach  in  order 
that  the  plant  may  prosper.  Even  those  plants  which  grow  in  or 
near  sea-water  contain  a  comparatively  large  proportion  of  potash. 
At  a  very  early  period  in  the  history  of  chemistry,  potash  was 
known  as  the  ^^  vegetable  alkali,"  because  it  was  obtained  from 
the  ashes  of  plants.  The  purpose  of  this  name  was  to  distinguish 
potash  from  soda,  which  was  called  the  '*  mineral  alkali."  We 
know  now,  even  more  clearly  than  our  forebears  did,  that  soda  is 
seldom  found  in  large  quantity  in  ashes,  and  manifold  experi- 
ments have  shown  that  it  is  a  substance  of  little  or  no  importance 
for  the  growth  of  plants. 

There  is  naturally  a  good  deal  of  potash  in  the  soil,  as  follows 
necessarily  from  the  familiar  fact  of  its  occurrence  in  the  ashes  of 
plants.  Most  of  this  potash  comes  from  the  decomposition  of 
feldspar,  that  is  to  say,  of  ortfaoclase  or  potash-feldspar,  which  is 
a  silicate  of  alumina  and  potash,  but  some  of  it  comes  from  the 
decomposition  of  mica  and  other  silicious  minerals.  Nearly  all 
clays  and  clayey  soUs  contain  some  potash.  Bisler  and  Gasparin 
found  in  many  specimens  from  0.3  to  0.7  ^  of  it,  although  it  is 
true  enough  that  some  of  the  better  kinds  of  kaolins  and  porcelain 
clays  are  esteemed  in  the  arts  because  they  are  practically  free 
from  potash.     It  is  true  also  of  agricultural  practice  that  clays 
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are  occasionally  met  with  which  are  as  poor  in  respect  to  potash 
as  tlie  worst  kinds  of  sandy  soils.  (Voelcker.)  Nevertheless,  as 
Schloesing  and  Perrey  have  shown,  the  particles  of  true  plastic 
clay,  which  can  be  floated  out  from  ordinary  soils  by  washing  with 
water,  almost  always  contain  a  comparatively  large  proportion  of 
potash,  viz.  from  2  to  5  ^,  sometimes  even  7  ^  or  more;  and 
this  remark  is  true  of  the  "  clay  "  extracted  from  silicious  and  cal- 
careous soils,  as  well  as  of  that  obtained  from  loams  proper.  One 
reason  why  clay  soils  are  strong,  in  the  sense  that  they  exhibit 
enduring  fertility,  is  that  they  usually  contain  much  potash.  In 
several  rocky  and  barren  regions  in  northern  and  eastern  New 
England,  it  is  noticeable  that  the  occasional  farms  are  usually 
situated  upon  slopes  or  /idges  of  gUcial  clay. 

Hilgard,  who  has  tested  many  virgin  soils  in  this  country  for 
''available  potash,"  i.e.  for  the  proportion  of  this  substance 
which  can  be  dissolved  by  hydrochloric  acid  of  about  1.115  sp.  gr., 
heated  on  a  water-bath  during  5  days,  has  observed  in  a  large 
number  of  cases  that  the  percentage  of  potash  seems  to  vary  with 
the  proportion  of  clay  in  the  soil.  In  clay  soils,  the  percentage 
of  potash  is  high,  and  in  sandy  soils  it  is  low,  and  since  subsoils 
are  ordinarily  more  clayey  than  surface  soils,  their  potash  percent- 
age is  almost  invariably  higher  than  that  of  the  soils  above  thepi. 
Heavy  clay  upland  soils  and  clay  loams  contain  from  0.5  to  0.8 
per  cent  of  potash,  lighter  loams  contain  from  0.3  to  0.45  ^,  and 
sandy  loams  less  than  0.3  ^.  Sandy  soils  of  great  depth  may 
contain  less  than  0.1  ^  of  potash  and  yet  be  productive  and  dura- 
ble, provided  the  soil  is  adequately  supplied  with  phosphoric  acid 
and  lime.  Virgin  soils  containing  less  than  0.06  ^  of  potash 
seemed,  in  all  cases  that  came  under  Hilgard's  observation,  to  be 
deficient  in  available  potash,  and  the  application  of  potassic  ferti- 
lizers to  such  soils  was  followed  immediately  by  heavier  crops.  But 
since  few  soils  fall  below  this  minimum,  the  inference  is  that  po- 
tassic manures  are  not  the  first  to  be  sought  for  after  a  virgin  soil 
has  become  tired  by  exhaustive  culture.  The  uoiversal  preference 
given  to  phosphatic  and  nitrogenous  fertilizers  at  the  West  and  the 
South  is  in  accord  with  this  inference.     (Hilgard.) 

It  is  to  be  noticed  that  even  so  small  a  proportion  of  potash  as 
0.1  ^  will  amount  to  3,500  lb.  to  the  aci*e,  on  the  assumption  that 
an  acre  of  laud,  taken  to  the  depth  of  1  foot,  weighs  3,500,0001b., 
and  that  only  a  part  of  the  total  potash  contained  in  the  soils,  in 
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the  form  of  refractoiy  rock  sUicates,  would  dissolve  in  the  acid  in 
which  the  soils  were  soaked. 

Amount  of  Potash  in  Rocks  and  Minerals, 

Some  of  the  volcanic  rocks  are  rich  in  potash.  A  variety  of 
rock  called  palagonite,  found  upon  the  sides  of  ^tna  and  Hecla, 
contains  so  much  potash,  and  decomposes  so  readily,  that  it  has 
sometimes  been  used  as  a  manure.  But  for  the  recent  discovery 
of  better  sources  of  potash,  this  rock  might  perhaps  have  been 
profitably  transported  to  considerable  distances  for  fertilizing  par- 
poses.  The  proportion  of  potash  (KjO)  in  various  common  min- 
erals may  be  set  down  roughly  as  follows  :  feldspar  (orthoclase) , 
12  to  17  %  ;  mica,  3  to  5  ^  ;  albite  (soda  feldspar),  1  or  2  %  ; 
basalt,  0.75  to  3  %  ;  clay  slate,  1  to  4'%  ;  good  clayey  loams, 
1.6  to  4  %. 

The  nature  of  the  change  which  may  occur  during  the  disinte- 
gration of  feldspar  is  well  shown  by  some  analyses  of  Crasso :  — 

Original  Feldspar.  Decompoeed  Feldipor.  Matters  BemoTed. 
SiUca     ....        65.21                         32.50  32.71 

Alumina    .    .     .        18.13  18.13 

Potash  ....        16.66  2.80  13.86 

Why  the  Ocean  contains  Sodium  ratlier  than  Potassium  Compounds. 

In  the  process  of  disintegration  —  technically  known  as  '*  kao- 
linization  "  —  by  which  clay  is  formed  from  f eldspathic  minerals, 
there  are  produced  small  quantities  of  solutions  of  silicates  and 
carbonates  of  potash  and  soda,  which  speedily  react  upon  com- 
pounds of  lime  and  magnesia  in  the  soil  to  form  the  insoluble,  hy- 
drated,  zeolitic  silicates  which  serve  to  fix  potash  and  to  retain  it 
in  the  soil,  as  has  been  explained  in  Chapter  VIII  of  Vol.  I.  A 
large  part  of  the  potash  which  in  ordinary  soils  is  available  for 
crops  appears  to  exist  there  either  in  combination  with  silica, 
alumina  and  lime,  or  as  a  double  humate. 

The  importance  of  the  existence  of  these  complex  silicates  and 
humates  cannot  be  too  strongly  insisted  upon.  Were  it  not  for 
their  restraining  power,  much  of  the  potash  now  in  the  soil  would 
have  been  washed  out  long  ago  and  carried  into  the  sea ;  for,  ex- 
cepting the  Silicates  and  humates,  all  the  ordinary  potash  salts 
are  readily  soluble  in  water.  It  is  precisely  because  soda  is  less 
readily  retained  than  potash  is  by  the  double  silicates  in  the  soil, 
that  the  sea  is  salt  with  chloride  of  sodium,  and  not  with  chloride 
of  potassium.    Chloride  of  sodium  is  dissolved  out  from  the  soil 
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and  caiTied  away  to  the  sea  by  the  ground-water  more  readily  than 
any  other  saline  substance.  The  water  of  the  ocean  holds  in  solu- 
tion nearly  4  %  of  saline  matter,  rather  more  than  three  quarters 
of  which  is  common  salt.  Next  to  the  sodium  chloride,  salts  of 
magnesium  and  calcium  are  present  in  sea-water  in  the  largest  pro- 
portion, while  the  quantity  of  potassium  chloride  is  no  more  than 
about  4  ^  of  the  total  solid  matter. 

It  was  observed  long  ago  by  the  mineralogists,  that,  where  sili- 
cates of  potash  and  of  soda  exist  side  by  side  in  the  same  mineral 
mass,  and  suffer  decomposition  together,  the  soda  compound  often 
loses  its  alkali  rapidly,  while  the  potash  does  not  thus  go  to  waste. 
Thus,  Struve  found  in  a  phonolite  (a  feldspathic  rock),  — 

Potaah.  Soda. 

In  its  natural  andecomposed  condition      .    .    .    3.45  9.70 

When  some  what  decomposed 5.44  3.26 

A  basalt —  Potash.  Soda. 

In  its  natural  condition  contained 1.35  7.35 

When  decomposed  it  contained 2.62  2.31 

On  digesting  many  virgin  soils  in  hot,  strong  hydrochloric  acid, 
Hilgard  found  as  a  rule  that  decidedly  less  soda  than  potash  was 
obtained.  The  percentage  of  soda  extracted  by  the  acid  was 
commonly  from  one-eight  to  one-third  of  the  percentage  of  the 
potash.  It  is  to  be  noticed  that  the  double  silicate  of  lime  and 
alumina,  and  the  double  humates  also,  which  hold  the  potash  in 
such  condition  that  plants  can  obtain  from  them  a  supply  of  this 
article  of  food,  are  usually  found  only  in  the  finely  divided  earth 
or  loam  which  constitutes  the  soil  properly  so  called,  and  that  at 
the  best  the  store  of  available  potash  will  be  comparatively  speak- 
ing small  unless  the  soil  contains  a  good  deal  of  decomposing  feld- 
spar, or  something  such.  Hence,  whenever  crops  are  taken  from 
the  land,  the  stock  of  potash  may  after  a  while  be  exhausted  if 
no  steps  be  taken  to  renew  the  supply.  In  fact,  from  the  eco- 
nomic point  of  view,  potash  is  the  most  important  ingredient  of 
manures  after  nitrogen  and  phosphoric  acid. 

The  Soils  of  Arid  Regions  usually  contain  much  Potash, 

It  to  be  remarked  that  a  much  larger  proportion  of  potash  — 
and  for  that  matter  of  lime  and  magnesia,  and  even  of  soda  —  is 
found  in  the  soils  of  arid  regions  than  in  those  of  countries  of  abun- 
dant rains.  From  the  very  fact  of  the  absence  of  leaching  by 
rain,  the  chemical  reactions  which  occur  in  soils  which  are  seldom 

VOL.  II-W. 


466  AGEICULTURE, 

moistened  are  favorable  for  the  production  of  the  double  silicates 
which  fix  and  hold  potash,  etc.,  as  has  been  already  explained. 
Hence  the  great  and  enduring  fertility  of  Califomian  soils  in  re- 
spect to  grain-crops,  and  to  all  kinds  of  crops  when  the  land  is 
irrigated. 

Much  Potdsh  is  returned  to  the  Land. 

Practically,  a  great  deal  of  potash  is  returned  to  the  land  upon 
most  farms,  in  the  form  of  stable-manure,  especially  where  pains 
are  taken  to  absorb  all  the  urine  by  means  of  straw ;  as  well  as  in 
the  refuse  from  crops,  and  in  composts  of  one  kind  or  another 
prepared  from  vegetable  matter. 

It  is  not  with  potash  as  it  is  with  phosphoric  acid.  Potash  does 
not  accumulate  to  such  an  overwhelming  extent  in  seeds  and  fruits 
as  phosphoric  acid  does,  nor  in  the  animal  body  either.  Hence, 
in  general,  in  all  well  cultivated  districts  a  much  larger  proportion 
of  the  potash  that  has  been  taken  from  the  land  is  returned  in  the 
form  of  manure  than  is  the  case  with  phosphoric  aeid ;  and  in  con- 
sequence of  this  fact,  considerable  difference  of  opinion  has  existed 
as  to  the  utility  of  buying  potash  compounds  for  manure. 

The  truth  of  the  matter  seems  to  be,  that  in  well  tilled,  highly 
cultivated  regions,  where  the  land  is  dunged  heavily,  and  especially 
where  the  rocks  from  which  the  soil  has  been  produced  are  feld- 
spathic,  there  is  not  apt  to  be  any  marked  deficiency  of  potash  in 
the  soil. 

Soils  that  respond  to  Potassic  Manures, 

On  the  other  hand,  in  countries  where  the  land  gets  but  little 
manure,  and  particularly  in  localities  where  the  rocks  are  of  such 
character  that  they  can  supply  only  a  comparatively  small  propor- 
tion of  potash  by  then:  disintegration,  as  is  the  case  not  infre- 
quently  in  the  immediate  vicinity  of  Boston,  the  benefits  derivable 
from  an  application  of  potash  to  the  soil  may  sometimes  be  great 
and  immediate. 

Almost  anywhere  upon  the  drier,  lighter  portions  of  the  gravelly 
"drift"  soils  of  New  England,  a  dressing  of  potassic  manure, 
especially  carbonate  of  potash,  such  as  occurs  in  wood-ashes,  will 
justify  itself  at  once.  There  was  a  striking  illustration  of  this 
fact  in  experiments  made  some  years  since  at  the  Bussey  Institu- 
tion, and  published  in  the  first  volume  of  its  Bulletin.  Even  in 
England  the  idea  prevails  that  potash  is  liable  to  be  wanting  in 
light  sandy  lands  (Voelcker),  and   somewhat  similcir  remarks 
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have  often  been  made  with  regard  to  the  soils  of  special  localities 
in  Europe. 

For  growing  sugar-beets  on  light  sandy  soils,  in  which  potash  is 
generally  deficient,  and  on  soils  which  are  in  rather  poor  agricul- 
tural condition,  mixtures  of  sulphate  of  potash  and  superphos- 
phate of  lime  have  not  infrequently  done  excellent  service.  The 
moor-land  of  North  Germany  in  particular,  when  thoroughly  drained, 
is  grateful  for  potassic  manure.  Thus  on  a  drained  and  gravelled 
moor  which  gave  7  measures  of  rape-seed  upon  an  unmanured 
field,  17  measures  were  got  by  means  of  phosphatic-fertilizers, 
and  47  measures  by  means  of  mixed  potash  salts  and  phosphates. 
Grass  also  and  the  cereal  grains  are  greatly  benefited  on  moor-land 
by  potash  salts.  But,  as  a  rule,  potash  seems  to  be  comparatively 
little  needed  upon  the  rich  farming  lands  of  the  Old  World ;  al- 
though every  little  while  instances  are  reported  where  profit  has 
been  got  from  the  application  of  potassic  fertilizers,  especially  on 
light  soils,  and  with  crops  that  stand  in  special  need  of  this  con- 
stituent. Thus,  in  a  recent  description  of  certain  farm-land  in 
Scotland,  not  far  from  Edinburgh,  it  is  laid  down  as  proved  that 
"  clover-sickness,"  as  manifested  in  that  locality,  is  caused  by  a 
lack  of  potash.  At  all  events,  those  farmers  of  that  region  who 
have  applied  Stassfurt  potash  salts  to  land  formerly  clover-sick, 
now  raise  splendid  crops  of  clover.  And  they  notice  that  their 
clover  is  no  longer  thrown  out  in  the  winter  months,  as  was  apt  to 
be  the  case  before  potash  was  used,  probably  because  the  plants  can 
now  become  suflSciently  well  developed  before  the  frosts  set  in  to 
cover  and  shield  the  land. 

Voelcker  urged  that  while  on  light  land  and  on  some  exceptional 
kinds  of  poor  clays  clover  is  greatly  benefited  by  applications  of 
potash  salts  and  superphosphate,  no  such  advantage  is  gained  by 
using  these  fertilizers  on  most  clays.  It  needs  to  be  said,  how- 
ever, as  Lawes  and  Gilbert  have  shown,  that  no  matter  how  use- 
ful for  clover  potash  compounds  may  be  in  general,  they  are  not 
competent  to  cure  clover-sickness  in  all  cases,  for  it  has  been 
proved  that  the  failure  of  clover  is  often  due  to  some  other  defect 
in  the  land  than  a  lack  of  potash  or  of  any  other  ash-ingredient. 

Lawes  and  Gilbert  have  urged  that  the  liability  of  land  to  be- 
come exhausted  of  potash  will  naturally  be  greater  on  high-lying 
permanent  mowing-fields  than  on  land  which  is  made  to  produce 
crops  of  wheat  or  barley,  for  the  grain-crops  are  pretty  sure  to 
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receive,  in  the  form  of  manure  applied  at  some  period  in  the  rota- 
tion, their  fair  share  of  the  straw  of  previoas  grain-crops ;  while  to 
permanent  mowing-fields,  that  are  associated  with  land  under  till- 
age, manure  is  neither  applied  so  frequently  nor  so  heavily  bb  to 
the  arable  parts  of  the  farm. 

In  some  parts  of  North  Grermany,  remarkable  success  has  not 
infrequently  attended  the  application  of  kainit,  or  another  of  the 
cheaper  kinds  of  Stassfurt  salts,  to  lupines  on  poor,  sandy  soils, 
which  of  themselves  were  no  longer  able  to  yield  crops  of  this 
plant ;  and  several  writers  have  been  led  to  urge  that,  contrary  to 
what  is  true  of  most  other  crops,  potash  salts,  by  themselves,  are 
often  a  sufficient  manuring  for  lupines.  It  is  remarkable,  at  all 
events,  that  in  many  instances  excellent  crops  of  lupines  have 
been  obtained  by  means  of  potassic  fertilizers  alone  in  cases  where 
neither  phosphatic  nor  nitrogenous  fertilizers  did  any  good,  either 
by  themselves  or  when  used  as  additions  to  the  potash.  Specially 
good  results  have  been  obtained  on  applying  potash-salts,  for  lu- 
pines, to  sandy  soils  which  have  been  marled,  even  in  localities 
where  the  lupine  is  apt  to  fail  on  such  land  unless  potash  has  been 
applied  to  it.  It  is  said,  however,  of  thia  marled  land,  that  the 
kainit  should  be  put  upon  it  in  the  autunm,  and  that  it  is  apt  to 
do  harm  when  applied  in  the  spring. 

The  Crops  best  suUed  by  Potash. 

Where  sugar-beets  are  cultivated  for  sale,  or  chicory  roots  to  be 
used  as  a  substitute  for  coffee,  or  potatoes,  or  tobacco,  large  quan- 
tities of  potash  are  carried  off  from  the  land,  and  the  economy  of 
employing  special  potassic  fertilizers  to  make  good  the  loss  has 
often  been  strikingly  manifested.  From  numerous  field  experi- 
ments made  in  England,  with  potatoes,  Voelcker  was  led  to  con- 
clude that  ^  ^  potash-salts  are  useful  and  very  desirable  constituents 
in  a  potato-manure,  especially  if  it  is  intended  to  be  applied  to 
light  land."  He  obtained  highly  satisfactory  crops  of  potatoes  on 
light  soils  by  means  of  mixtures  of  kainit  and  superphosphates. 
Good  crops  of  potatoes  were  somietinies  obtained  by  means  of 
potash  salts  alone,  ^'though  they  are  by  no  means  the  most  de- 
sirable manure  for  potatoes."  In  experiments  on  mangolds, 
Voelcker  found  that  crude  potash  salts  gave  a  considerable  in- 
crease of  crop,  though  sometimes  this  increase  was  no  lai'ger  than 
that  got  by  means  of  common  salt.  Mixtures  of  potash  salts  and 
superphosphate,  on  the  other  hand,  sometimes  did  as  good  service 
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as  farmyard-manare.  They  gave  a  very  large  inerease  over  the 
uomanured  land,  and  considerably  more  than  was  obtained  by 
means  of  mixtures  of  superphosphate  and  comn:ion  salt.  On 
Swedish  turnips  growing  in  light  land,  crude  potash  salts  had  a 
very  good  effect,  both  when  used  by  themselves  or  in  conjunction 
with  a  superphosphate,  though  it  was  noticed,  sometimes,  that  the 
superphosphate  tended  to  increase  the  growth  of  the  turnip-tops 
unduly.  '^  On  the  whole,"  Yoelcker  found  '^  that  the  application 
of  crude  potash-salts,  in  conjunction  with  superphosphate,  mate- 
rially benefits  root-crops  grown  on  light  and  poor  soils."  Several 
instances  are  on  record,  moreover,  where  dressings  of  sulphate  of 
potash  have  brought  abundant  and  healthy  crops  of  sugar-beets  on 
land  where  beets  had  previously  failed,  and  which  was  supposed 
to  be  exhausted  in  respect  to  this  crop. 

In  Germany,  where  the  use  of  potash  salts  as  manure  has  lately 
been  largely  extended,  they  are  particularly  commended  for  beets, 
potatoes,  clover,  cabbages,  tobacco,  buckwheat,  hops,  grapevines, 
flax  and  oats.  Here  in  New  England,  they  have  always  been  es- 
teemed for  Indian  corn  and  (formerly)  for  potatoes.  But  it  is 
upon  clover  especially,  and  other  leguminous  plants,  that  potassic 
manures  show  the  most  remarkable  effects.  The  old  notion  of 
farmers,  that,  by  applying  wood -ashes  to  grass-land,  they  can 
'^ bring  in"  clover,  is  a  case  in  point,  which  consists  perfectly 
well  with  the  results  of  methodical  experiments.  In  trials  made 
upon  a  variety  of  plants,  and  continued  through  long  terms  of 
years,  Lawes  and  Gilbert  found  that  potassic  manures  were  more 
useful  with  clover,  beans  and  peas,  than  with  any  other  plants ; 
though,  as  regards  grain-crops,  it  was  noticed  that  potash  was 
somewhat  more  useful  for  wheat  than  it  was  for  barley. 

This  experience  has  been  summed  up  by  GUbert  in  the  following 
terms.  It  is  found,  he  says,  that  easily  assimilable  nitrogenous 
manures  have  generally  a  very  striking  effect  in  increasing  the 
growth  of  grain-crops,  such  as  wheat,  barley  and  oats ;  although 
these  grain-crops  contain  comparatively  little  nitrogen,  and  take 
but  little  of  it  from  the  land.  The  leguminous  crops,  on  the  other 
hand,  such  as  peas,  beans,  clover,  and  othera,  although  highly  ni- 
trogenized,  are  by  no  means  characteristically  benefited  by  the  use 
of  direct  nitrogenous  manures,  such  as  ammonia  salts  and  nitrates, 
though  nitrates  act  much  more  favorably  than  ammonia  salts.  It 
appears,  indeed,  that  we  may  say.  Use  phosphates  for  turnips, 
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potash  for  legnminous  plants,  and  active  nitrogen  for  grain. 
^^  By  these  experiments,  we  have  learned  the  extraordinary  effect 
of  phosphates  upon  turnips,  and  the  comparative  indifference  of 
mangolds  to  this  manure."     (Warington.) 

As  was  just  now  said,  wood-ashes  have  long  been  esteemed  in 
this  country  as  a  manure  for  potatoes,  though  some  observers  have 
maintained  that  they  are  apt  to  favor  the  growth  of  the  fungas 
which  causes  ^^  scab,"  an  opinion  which  has  been  verified  by  the 
researches  of  Wheeler,  who  has  shown  that,  although  the  potash 
in  the  ashes  may  not  be  harmful,  all  fertilizers  which,  like  ashes, 
contain  carbonate  of  lime,  are  decidedly  favorable  for  the  pro- 
duction of  scabby  potatoes. 

In  Europe,  the  significance  of  potash  salts  for  the  growth  of  po- 
tatoes has  repeatedly  been  noticed.  In  the  words  of  Dyer,  the 
potato  —  which  is  a  crop  apt  to  suffer  either  from  over-manuring 
or  under-manuring — is  often  so  particularly  grateful  for  potash 
that  it  is  worth  the  while,  on  almost  any  soil,  to  try  the  effect  of 
this  fertilizer.  He  recommends  that,  on  calcareous  soils  which 
have  been  well  dunged,  2  or  8  cwt.  of  superphosphate,  together 
with  3  or  4  cwt.  of  kainit,  should  be  applied  before  or  imme- 
diately after  the  sets  are  planted,  and  that  1  cwt.  of  nitrate 
of  soda  should  be  subsequently  strewn  as  a  top-dressing  —  best 
in  two  instalments.  Or,  if  only  a  moderate  quantity  of  dung 
has  been  applied,  twice  as  much  of  the  nitrate  of  soda  may  be 
used.  On  land  deficient  in  lime,  he  would  use,  instead  of  the 
superphosphate,  2  or  3  cwt.  of  plain  Peruvian  guano,  or  of  fine 
bone-meal,  or  5  or  6  cwt.  of  phosphatic  slag.  On  sour  or  peaty 
land,  a  few  more  cwt.  of  the  slag  might  be  used  with  advantage. 
Instances  of  Income  and  Outgo  of  Potash. 

Heiden  has  given  the  following  statement  in  illustration  of  this 
matter.  Evei-y  hundredweight  of  sugar-beets  taken  from  a  field 
carries  away,  on  the  average,  0.359  lb.  of  potash;  but  since  a 
Morgen  (=  0.631  acre)  of  land  yields  from  140  to  200  cwt.  of 
the  beets,  it  thereby  loses  from  50  to  72  lb.  of  potash,  no  account 
being  taken  of  the  potash  in  the  beet-leaves  which  are  left  upon 
the  land.  Hence,  wherever  beets  are  grown  year  after  year  for 
sale,  as  is  done  not  infrequently  in  some  parts  of  Central  Europe, 
there  will  manifestly  soon  be  need  of  dressing  the  land  with  some 
kind  of  a  potash  compound. 

Eaimrodt  has  given  the  following  computation  of  the  yearly 
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outgo  and  income  of  potash  on  an  estate  of  1,717  Moi^en,  that 
had  neither  water-meadow  nor  pasture  to  support  its  cattle,  and 
which  had  for  years  been  devoted  to  the  growing  of  sugar- 
beets  :  — 

Yearly  export  of  potash : — 

In  the  crops 103,812  lb. 

In  products  from  cattle 473  « 

Total  export  of  potash 104,286  «• 

Amount  of  potash  added  to  the  land :  — 

In  form  of  guano  and  night-soil 8,439  *< 

In  the  seeds  planted 1,021  « 

In  the  dung  of  cattle :  — 

As  obtained  from  food  grown  on  the  estate   .    .  74,875  " 

As  obtained  from  hay  and  oll-eake  bought     .    .  4,967  ** 

Total  potash  added  to  the  soil 87,302  ** 

Hence  the  excess  of  potash  removed  each  year  was  equal  to 
16,983  lb.,  or  as  much  as  would  be  contained  in  14,615  cwt.  of 
hay.  It  appears  from  this  statement,  as  well  as  from  the  calcula- 
tion of  income  and  outgo  of  potash  which  was  given  under  the 
head  of  Farmyard-manure,  that  there  is  little  risk  of  exhausting 
any  field  of  potash  so  long  as  the  land  is  adequately  manured  with 
the  dung  of  cattle  that  are  supported  on  hay  from  water-meadows 
(or  bog-meadows  or  salt-marshes),  and  on  straw  and  clover. 
Several  calculations  as  to  the  income  and  outgo  of  potash  on 
farms  thus  conducted  have  been  given  by  Heiden  in  his  ' '  Ddn- 
gerlehre."  His  figures  show  emphatically  that,  far  from  losing 
potash,  many  European  farms  continually  become  richer  and  richer 
in  this  constituent.  In  consequence  of  this'  tendency,  no  money 
profit  can  be  expected  from  the  application  of  special  potassic  ma- 
nures, considered  merely  as  sources  of  this  particular  form  of  plant- 
food,  upon  farms  that  have  long  been  kept  in  good  heart  by  means 
of  abundant  dressings  of  farmyard- manure.  But  wherever  forage 
crops,  or  even  straw,  are  sold  off  a  farm  in  undue  proportion,  or 
where  lai^e  quantities  of  beets,  carrots,  cabbages,  turnips,  on- 
ions, potatoes  or  tobacco  are  sold  year  after  year,  the  judicious 
use  of  potash  salts  may  be  expected  to  more  than  repay  the  cost  of 
them. 

In  cases  where  milk  is  sold  off  a  farm,  it  commonly  happens 
that  more  or  less  fodder  (corn-meal,  shorts,  cotton-seed-meal,  or 
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the  like)  is  bought  to  reinforce  the  hay  on  which  the  animals  ai'e 
fed,  and  that  in  this  way  more  potash  is  brought  to  the  farm  than 
goes  off  in  the  milk,  not  to  speak  of  the  rough  fodder,  or  of  the 
potash  in  that  fodder,  which  in  New  £ngland  comes  to  the  arable 
part  of  many  farms  from  browse,  wild  pastures  and  bog-meadows. 

Before  the  discovery  of  the  mine  of  potash  compounds  at  Stass- 
furt  in  Germany,  about  the  middle  of  this  century,  it  was  a  very 
difficult  matter  for  those  farmers  who  had  no  access  to  wood-ashes 
to  procure  special  potassic  fertilizers  to  meet  the  wants  of  particu- 
lar crops,  such  as  those  just  now  mentioned,  and  the  wholesale 
cultivation  of  them  was  consequently  less  easy  than  it  is  now. 
Potashes  obtained  from  various  Plants, 

A  glance  at  the  proportion  of  potash  obtainable  from  various 
plants  in  the  manufacture  of  potashes  upon  the  large  scale,  will 
show  at  once  that  some  plants,  or  rather  some  parts  of  plants, 
contain  much  more  of  it  than  others.  One  thousand  pounds  of 
old  spruce  wood  yield  0.5  lb.  of  potashes;  of  old  poplar  wood, 
0.75  lb. ;  of  old  oak  wood,  1.5  lb. ;  of  corn-stalks,  17.5  lb. ;  of 
bean-stalks,  or  sunflower  stalks,  20  lb. ;  of  grape-vine  twigs, 
40  lb. 

As  a  rule,  potash  pushes  forward  into  the  extremities  of  plants, 
i.  e.  into  the  twigs  and  new  leaves.  It  will  be  noticed  how  well 
worth  saving  for  the  compost-heap  the  grape-vine  clippings  must 
be,  and  the  remark  is  as  true  of  the  shoots  and  twigs  of  almost 
any  other  bush  or  tree.  It  has  long  been  familiarly  known  that 
grape-vine  twigs  are  thus  rich  in  potash,  and  it  is  a  fact  of  daily 
observation  in  wine  countries,  that  considerable  quantities  of  hi- 
tartrate  of  potash  are  obtained  from  the  argol  or  tai-tar  which  is 
deposited  in  the  wine-casks  after  the  grape-juice  has  fermented. 
Hence  a  popular  impression  arose,  and  still  persists,  to  the  effect 
that  grape-vines  are  specially  liable  to  exhaust  the  soil  of  potash. 
This  notion  is  untrue.  It  was  disproved  by  Boussingault  as  long 
ago  as  1850 ;  for  having  analyzed  all  the  products  that  are  carried 
away  from  a  vineyard,  and  compared  the  amounts  of  potash  in 
these  products  with  the  amounts  of  this  substance  carried  off  tlie 
land  in  other  crops,  he  found  that  the  grape-vine  could  not  be 
regarded  as  a  plant  standing  in  special  need  of  potash. 

He  states  that,  in  the  locality  in  question  (Alsatia),  there  is 
carried  off  from  a  hectare  (=2^  acres)  of  land  by  a  crop  of 
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Alkalies.    Fhotph.  Acid. 

KUot.  Kiloe. 

Potatoes 63  14 

Beet-roots 90  12 

Wheat,  with  its  straw 27  19 

Wine,  including  clippings  from  the  vines,  and  the 

marc  or  residuum  left  in  the  wine-press  ...    17  7^ 

None  the  less  it  may  be  well  on  some  soils,  as  Deh^rain  has 
remarked,  to  apply  potassic  fertilizers  to  vineyards,  especially  in 
localities  where  —  as  at  the  South  of  France  —  the  vines  are 
habitually  dressed,  not  with  farmyard-manure,  but  with  oil-cake 
and  with  woollen  rags.  • 

It  is  to  be  observed  that  figures  like  those  just  now  given,  which 
have  been  made  in  the  interest  of  the  potash-boiler,  do  not  neces- 
sarily give  the  true  agricultural  value  of  the  ashes  of  the  several 
plants  enumerated.  For  example,  the  ashes  from  any  plant  rich 
in  silicay  like  the  various  grasses  and  grain-bearing  plants,  would 
contain  much  silicate  of  potash  which  is  not  readily  soluble  in 
water.  Such  ashes  might  yield  only  a  comparatively  small  amount 
of  potashes  when  treated  with  water  in  the  leaching-tubs,  although 
they  are  really  very  valuable  as  a  fertilizer. 

In  some  parts  of  Europe,  straw  and  weeds  were  formerly  burned 
for  the  manufacture  of  potashes,  and  the  idea  was  several  times 
thrown  out  that  it  might  be  well  in  those  districts  to  favor  the 
growth  of  plants  specially  rich  in  potash.  Hermbst&dt  long  ago 
tried  the  plan  of  planting  wormwood,  which  grows  upon  very  poor 
soil,  for  the  production  of  potashes.  He  found,  by  experiment, 
that  one  Magdeburg  acre  (18,000  square  feet)  would  yield  three 
crops  a  year,  or  some  20,000  lb.  of  dry  plant,  2,000  lb.  or  more 
of  ashes,  and  900  lb.  of  potashes;  or  12  ^  of  ash,  and  about 
5  %  of  potashes.  Beichos  proposed  to  grow  tansy  for  the  same 
purpose,  and  stated  that  an  acre  of  this  plant  will  yield  1,250  lb. 
of  potashes.  Fresenius  proposed  the  common  marigold  of  Europe 
(Chrysanthemum  segetum)  as  a  potash-producing  plant.  It  grows 
wild  in  enormous  quantities  in  certain  districts,  and  the  ash  con- 
tains about  25  ^  of  potash. 

Sterna  and  Stalks  of  Tobacco. 

Tobacco-stalks,  from  which  the  leaves  have  been  stripped,  are 
known  to  have  considerable  fertilizing  power,  and  are  consequently 
often  returned  to  the  land.  S.  W.  Johnson  reports  that  the  an- 
hydrous stalks  of  tobacco-plants  contain  nearly  5  ^  of  potash, 
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■f^  of  a  per  cent  of  phosphoric  acid,  and  nearly  3 J  %  of  nitrog^en, 
of  which  -^  of  a  per  cent  is  in  the  form  of  nitrates.     At  the  time 
when  the  leaves  are  stripped  from  them,  the  stalks  are  thought  to 
contain  usually  some  46  %  of  water.     Hence,  when  in  that  con- 
dition, 100  lb.  of  the  stalks  would  contain  2.6  lb.  of  potash,  0.36 
lb.  of  phosphoric  acid,  and  1.85  lb.  of  nitrogen.     From  1,500  to 
2,000  lb.  of  the  dry  stalks,  containing  $15  to  $20  worth  of  fer- 
tilizers, may  be  yielded  by  an  acre  of  land.     Another  sample  of 
tobacco-stalks  examined  by  Johnson  contained  when  cured  67  % 
of  water,  3  %  of  ashes,  and  0.7  %  of  nitrogen.     The  ashes  con- 
tained 1.37  %  o#  potash,  and  0.18  %  of  phosphoric  acid. 

Tobacco-stems  also,  i.  e.  the  midribs  of  the  leaves  as  rejected 
by  manufacturers  of  cigars,  have  considerable  repute  as  a  fertili- 
zer. Johnson  reports,  in  one  sample  that  was  purchased  in  New 
York  City,  33  %  of  water,  5J  <J^  of  potash,  ^  a  per  cent  of  phos- 
phoric acid,  and  nearly  2  ^  of  nitr<^en.  In  another  sample,  be- 
lieved to  be  somewhat  damaged,  he  reports  46.7  ^  water,  6.25  ^ 
potash,  0.4  9^  phosphoric  acid,  and  1.6  ^^  of  nitrogen.  In  a  speci- 
men of  line  tobacco-dust,  sifted  from  tobacco-clippings,  he  re- 
ports 9.6  %  water,  2.8  ^  potash,  0.5  %  phosphoric  acid,  and 
2.4  ^  nitrogen.  The  sample  of  stalks  examined,  and  the  dust 
also,  contained  a  considerable  amount  of  chlorides,  say  ^  ^  of 
chlorine,  while  the  stems,  from  totally  different  fields,  contained  a 
much  smaller  proportion.  Lime  was  present  in  the  samples  in 
considerable  quantity.  Another  analysis  reported  by  Johnson, 
apparently  of  a  better  sample  of  tobacco-stems,  gave  19.83  %  of 
water,  7.66  %  of  potash,  0.75  %  of  phosphoric  acid,  4.26  %  of 
lime,  and  1.96  ^  of  nitrogen. 

Dietrich's  analysis  of  midribs  from  the  Palatinate  gave  an  aver- 
age of  22  %  ashes,  15  <^  moisture,  8  ^  potash,  2  %  phosphoric 
acid,  and  2  9^  nitrogen,  of  whicn  last  almost  a  quarter  was  in  the 
form  of  a  nitrate. 

In  some  parts  of  Connecticut,  tobacco-stems  are  largely  used, 
especially  for  manuring  tobacco  and  early  potatoes.  For  tobacco, 
they  are  applied  year  after  year  to  the  same  land,  sometimes  to 
the  extent  of  12  tons  to  the  acre,  with  the  result  that  the  crop 
beai-s  very  fine  leaves  of  excellent  quality.  Sometimes  dressings 
of  half  tobacco-stems  and  half  stable-manure  are  applied,  though 
many  farmers  use  the  stems  without  any  other  manure,  unless  it 
be  some   artificial  fertilizer  to  give  the  young  plants  a  start. 
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Potatoes  that  have  been  manured  with  tobacco-stems  are  said  to 
be  exceptionally  smooth  and  fair ;  and  it  is  thought  that  where  the 
Btems  have  been  used  the  land  is  left  in  excellent  condition  for 
other  crops. 

Barilla  from  Strand  Plants. 

Until  a  time  early  in  the  present  century,  large  quantities  of 
fused  ashes  of  peculiar  character,  called  barilla,  which  contained 
much  carbonate  of  soda  as  well  as  some  carbonate  of  potash,  were 
prepared  by  burning  certain  strand  plants,  notably  those  of  the 
genus  Salsola  (saltwort) .  Much  barilla  was  sent  into  commerce 
from  Sicily  and  from  the  east  coast  of  Spain,  where  the  plants  that 
produce  it  were  regularly  cultivated,  mown,  and  dried  like  hay, 
and  then  burned  in  pits.  In  the  vicinity  of  Carthagena,  for  ex- 
ample, where  the  ordinary  rotation  of  crops  was  wheat,  barley, 
and  fallow,  the  barilla-plants  were  often  sown  on  the  fallow  field. 
So,  too,  in  case  the  wheat-crop  failed  from  want  of  rain,  the 
wheat-land  also  was  sown  for  a  crop  of  barilla. 

This  old  practice  is  not  a  little  interesting,  in  that  it  goes  to 
show  that  f aimers  in  saline  districts  —  and  in  regions  which  had 
been  "over-irrigated'*  —  formerly  possessed  one  means  of  im- 
proving their  land  by  removing  salts  from  it,  which  can  no  longer 
profitably  be  practised  now  that  carbonate  of  soda  is  made  more 
cheaply  from  common  salt  than  it  can  possibly  be  got  from  plants. 
Goebel  found  in  ashes  obtained  by  burning  saltwort  plants,  from 
the  vicinity  of  the  Caspian  Sea,  5  ^  of  potash  that  was  soluble  in 
water,  and  30  %  of  soda. 

Kinds  of  Potassic  Manures, 

Potash  is  employed  as  a  manure  in  the  form  of  wood-ashes ;  the 
ashes  of  cotton-seed  hulls ;  as  sulphate  of  potash  and  chloride  of 
potassium  ;  and  as  "  potashes,"  which  in  this  country  is  usually  a 
mixture  of  hydrate  of  potash  and  carbonate  of  potash. 

Mayer's  analyses  of  New  York  potashes  gave,  in  per  cent,  — 

FInt         Second        Third 
"Best."        QoAlity.      Quality.     Quality. 

Carbonate  of  potash  (EgGO,)     ..    44  to  25  56        15  to  53        38 

Hydrate  of  potash  (KHO) ....    50  to  44  6        39  to   5 

American  potashes  are  prepared  by  placing  wood-ashes  in  tubs 
above  a  layer  of  caustic  lime,  leaching  with  water,  evaporating  the 
lye  to  dryness,  and  igniting  the  residue. 

In  addition  to  the  above  mentioned  substances  there  is  the 
greensand  of  New  Jersey,  which  is  celebrated  in  its  locality  as  a 
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potassic  (and  phosphatic)  fertilizer;  and  a  few  farmers  are  so 
situated  that  they  can  obtain  useful  waste  products  from  manu- 
facturing establishments,  such  as  the  slurry  of  the  glass-makers^ 
which  is  an  impure  sulphate  of  potash,  obtained  incidentally  in  the 
purification  of  pearlash;  saltpetre-waste  from  gunpowder  mills, 
and  prussiate  residues  from  chemical  works  where  prussiate  of 
potash  is  made. 

Wood-Ashes  as  a  Manure. 

Most  farmers  in  New  England  are  agreed  as  to  the  high  valae  of 
wood-ashes,  considered  as  a  manure.    So  firm  is  their  faith  in  this 
regard  that  many  persons  have  drawn  from  it  the  false  inference 
that  potash  is  not  only  the  chief  thing,  but  the  sole  thing,  needful 
to  fertilize  the  land  and  to  bring  up  those  sections  of  the  country 
which  have  been  inin  out  by  careless  cropping.     The  power  of 
ashes  to  improve  the  inert  nitrogen  of  the  soil  has  already  been 
mentioned,  and  it  may  here  be  added  that  this  action  has  often 
been  noticed  in  Europe  on  drained  moor-land,  where  wood-ashes  do 
excellent  service  both  by  neutralizing  the  acidity  of  the  sour  humns 
and  by  causing  the  earth  to  ferment.     It  is  hardly  fair,  however, 
to  class  wood-ashes  as  an  exclusively  potassic  manure,  for  beside 
potash,  the  ashes  contain  one  or  two  per  cent  of  phosphoric  acid, 
and  various  other  ingredients  which  are  of  value  to  plants ;  not- 
ably a  little  magnesia  and  a  great  deal  of  carbonate  of  lime.   The 
impoi-taAce  of  these  incidental  constituents  is  made  plain  by  the 
esteem  in  which  leached  ashes  are  held  by  our  farmers,  although 
from  the  leached  ashes  all  but  a  very  small  proportion  of  the 
original  potash  has  been  washed  out. 

Leached  ashes  consist  for  the  most  part  of  carbonate  of  lime. 
Ordinarily  they  contain  no  more  than  from  ^  to  ^  of  one  per  cent 
of  real  potash,  and  but  little  more  than  one  per  cent  of  phosphoric 
acid.  Some  kinds  of  peat-ashes  contain  potash  enough  to  be  worth 
considering,  but  they  are  rare.  The  ashes  of  coal  contain  a  trace 
of  potash,  but  not  much,  if  any,  more  than  ordinary  loam  or  than 
many  kinds  of  sand.  Whatever  merit  pure  coal-ashes  may  really 
possess  must  depend  upon  their  mechanical  condition,  which  fits 
them  to  do  good  on  clay  soils  and  on  soils  rich  in  humus,  such  as 
those  of  reclaimed  bogs. 

A  favorite  way  of  applying  wood-ashes  is  as  a  top-dressing  to 
grass-land  and  to  pastures,  where,  ^  encouraging  the  growth  of 
clover  and  some  of  the  better  kinds  of  grasses,  they  do  good  ser- 
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vice  in  crowding  out  inferior  kinds  of  grasses,  and  in  destroying 
weeds  and  moss.  Some  European  observers  have  remarked  that 
wood-ashes  may  do  particularly  good  service  on  sour  meadows 
where  sedges  (carex)  might  be  apt  to  grow.  Wood-ashes  are  es- 
teemed also  for  potatoes,  on  land  free  from  the  scab  fungus,  and 
for  corn  and  roots,  and  they  are  used  in  the  preparation  of  com- 
posts, as  has  been  said,  and  there  is  room  probably  for  their 
greatly  extended  use  in  this  particular  way. 
Price  of  Wood-Ashea. 

Until  a  comparatively  recent  period,  wood-ashes  were  really  al- 
most the  only  commercial  fertilizer  that  was  procurable  in  this 
country,  and  the  price  of  12^  cents  per  bushel,  at  which  they  were 
formerly  bought  and  sold,  had  come  to  be  a  sort  of  standard  of 
value  which  withstood  many  vicissitudes.  But,  for  the  region 
around  Boston  at  least,  there  came  a  time  when  ashes  were  hardly 
to  be  had  at  any  price.  From  1850  to  1870,  for  example,  they 
could  hardly  be  looked  upon  in  the  light  of  a  commercial  manure 
in  this  vicinity.  Even  leached  ashes  were  at  that  time  sold  at  25 
cents  the  bushel  on  the  seaboard,  and  fresh  ashes  were  not  to  be 
had. 

Latterly,  thanks  to  the  great  diminution  in  price  of  all  kinds  of 
potash  compounds  which  has  resulted  from  the  development  of  the 
potash  industry  at  Stassfurt,  wood-ashes  are  brought  into  New 
England  by  rail  from  the  less  settled  part  of  the  country,  notably 
from  Canada,  and  they  can  be  ordered  from  Oswego  or  Montreal 
by  the  car-load  nowadays  at  tolerably  reasonable  rates.  Accord- 
ing to  S.  W.  Johnson,  '^  Unleached  Canada  ashes  of  average 
quality  contain  5.7  ^  of  potash  and  1.2  ^  of  phosphoric  acid. 
Ashes  made  largely  from  our  hard  woods  are  somewhat  richer  both 
in  phosphoric  acid  and  potash.  .  .  They  vary  a  good  deal  in  com- 
position, and  bome  samples  are  notably  deficient  in  potash."  Oc- 
casionally they  are  debased  by  admixtures  of  coal-ashes  and  often 
by  mere  dirt.  Probably,  leached  ashes  are  sometimes  mixed  with 
them. 

It  may  be  said,  in  passing,  that  the  price  of  25  cents  the  bushel 
for  leached  ashes,  as  just  now  given,  was  much  higher  than  such 
ashes  are  really  worth.  Fresh  ashes,  on  the  contrary,  may  in 
some  cases  be  worth  more  than  25  cents  per  bushel,  as  has  been 
set  forth  in  detail  in  one  of  the  numbers  of  the  Bulletin  of  the 
Bussey  Institution. 
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Of  course  the  value  of  ashes  may  vary  considerably  according 
to  their  source,  though  practically  this  variation  is  less  than  would 
be  supposed  at  first  sight.  Ashes  are  richer  or  poorer  in  potash 
and  other  useful  ingredients  according  to  the  kinds  of  plants  from 
which  they  have  been  derived  and  to  the  soil  upon  which  the  plants 
grew.  And  particularly  according  to  the  parts  of  the  plant  that 
have  been  burned.  The  ashes  of  twigs  (fagots  for  example)  would 
always  be  worth  much  more  for  agricultural  purposes  than  the 
ashes  of  heart- wood  taken  from  the  middle  of  an  old  tree ;  and , 
in  general,  the  smaller  and  younger  the  wood  burned,  the  better 
would  be  the  ashes.  Practically  most  fires  are  fed  with  cord-wood 
that  has  been  cut  under  very  much  the  same  conditions  of  growth 
almost  everywhere.  So  that  in  places  and  cases  where  no  coal  is 
burned,  the  variations  in  composition  of  ashes  taken  from  domestic 
fires  are,  comparatively  speaking,  small.  To  judge  from  the  books, ' 
taking  what  is  known  of  the  composition  of  the  ashes  from  young 
twigs  and  that  from  heart-wood,  one  would  say  that  the  propor- 
tion of  potash  in  ashes  might  vary  from  5  to  20  <5^ .  But  a  much 
better  criterion  of  the  real  composition  of  ashes  was  afforded 
formerly  by  the  experience  of  potash-makers  in  this  country,  ac- 
cording to  which  a  bushel  of  "  house  ashes  "  weighed  about  48  lb. 
on  the  average,  and  yielded  rather  more  than  4  lb.  of  potashes. 

I  have  myself  investigated  this  question  somewhat  in  detail,  and 
have  found  by  the  analysis  of  a  number  of  samples  of  house- ashes 
that  selected  samples  may  contain  on  the  average  about  8.5  %  of 
real  potash  and  2  %  of  phosphoric  acid ;  or  say  4.25  pounds  of 
potash  and  1  pound  of  phosphoric  acid  per  bushel.  Hence  there 
is  enough  potash  and  phosphoric  acid  to  make  the  bushel  of  ashes 
worth  20  or  25  cents,  and,  beside  that,  some  10  or  15  cents  addi- 
tional may  be  allowed  for  the  "  alkali  power"  of  the  ashes,  i.  e. 
the  force  of  alkalinity  which  enables  the  ashes  to  rot  weeds  and  to 
ferment  peat.  The  notion  that  the  ashes  from  soft  woods,  such  as 
pine  and  poplar,  are  worthless,  is  an  error.  The  soft  woods  yield 
comparatively  little  ashes,  and  the  ashes  are  so  light  that  they  may 
readily  be  blown  away  by  the  wind ;  but  weight  for  weight,  the 
ashes  from  soft  woods  appear  to  be  as  good  for  agricultural  pur- 
poses, or  very  nearly  as  good,  as  those  from  hard  woods.  It  is 
important,  however,  in  buying  ashes,  to  assure  one's  self  that  they 
have  neither  been  contaminated  with  coal-ashes  nor  adulterated 
with  leached  ashes. 


ALKALIES  MAKE  SOILS   COHEBE.  479 

Alkaline  Lyes  make  Soils  adhere. 

One  peculiarity  which  ashes  owe  to  their  alkaline  quality  is 
worthy  of  special  attention,  since  it  must  often  exert  a  very  de- 
cided influence  upon  the  capillary  power  of  the  soils  to  which  the 
ashes  are  applied.  It  is  a  well-established  fact  that  alkaline  lyes, 
when  added  to  clay  or  loam,  make  these  materials  more  plastic  and 
adhesive  than  simple  water  can.  If  a  solution  of  either  of  the 
alkalies,  or  of  an  alkaline  carbonate,  viz.  carbonate  of  potash,  such 
as  is  got  by  leaching  wood-ashes,  or  carbonate  of  soda,  or  car- 
bonate of  ammonia,  is  poured  upon  a  small  quantity  of  loam,  the 
latter  will  be  made  muddier  and  more  sticky  than  it  would  be  if  it 
were  moistened  with  mere  water. 

According  to  M.  Whitney,  the  alkaline  solutions  seem  to  loosen 
the  attachment  of  the  particles  of  clay  in  the  soil  for  the  particles 
of  sand,  and  to  float  off  the  clay  particles  to  All  up  the  spaces  be- 
tween the  sand  grains  which  had  previously  been  open.  As  a  re- 
sult of  this  clogging  of  the  pores,  the  circulation  of  water  in  the 
soil  is  vei7  much  retarded.  In  one  experiment,  where  an  inch  of 
water  passed  through  a  column  of  soil  in  about  25  minutes,  six  or 
eight  hours'  time  were  required  after  the  soil  had  been  wet  with 
ammonia. 

That  this  action  of  the  alkalies  may  sometimes  be  of  great  prac- 
tical importance  is  attested  by  the  fact  observed  by  Whitney,  that 
soils  are  sometimes  met  with  in  which  the  particles  of  clay  are 
held  so  closely  to  the  grains  of  sand  that  the  soil  has  the  appear- 
ance and  the  properties  of  a  sandy  soil,  although  it  actually  con- 
tains as  much  clay  as  there  is  in  many  distinctively  "  clay  lands." 

It  has  long  been  known  that  carbonate  of  potash  and  carbonate 
of  soda  tend  to  keep  clay  in  a  "  puddled  "  or  *'  tamped  "  condition, 
as  the  terms  are.  A  ball  of  moist  clay  or  loam  thus  charged  with 
an  alkaline  carbonate  does  not  tend  to  crumble  or  fall  to  powder 
during  the  process  of  drying ;  but  remains  a  hard  lump.  A  tena- 
cious, fire-proof  cement  for  stopping  holes  in  stoves  and  stove-pipes 
is  made  by  mixing  powdery  clay  with  fine  wood-ashes,  and  work- 
ing the  mixture  with  water  to  a  smooth  paste,  which  is  applied  as 
such,  and  becomes  hard  on  drying. 

Alkali'Soils, 

It  is  because  of  this  peculiarity  of  the  alkalies  that  it  often  be- 
comes impracticable  to  till  soils  when  any  large  proportion  of  car- 
boiinte  of  soda  is  contained  in  them  ;  that  is  to  say,  such  *'  alkali 
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soils  "  cannot  be  tilled  economically  by  the  ordinary  mechanical 
appliances  of  the  farm.  No  matter  how  often  such  a  soil  is 
ploughed  or  harrowed,  it  will  always  remain  a  mere  mass  of  hard 
clods,  unless,  indeed,  it  is  muddy.  Such  a  soil  cannot  be  brought 
to  a  condition  of  good  tilth  by  mere  ploughing,  unless  the  alkali 
be  washed  out  of  it  by  drainage  and  irrigation,  or  unless  it  is  nea- 
tralized,  as  Hilgard  has  suggested,  by  means  of  gypsum :  — 
Na^CO,  +  CaSO^  =  CaCO,  +  Na^SO^. 

Unless  the  alkali  be  removed  or  decomposed,  such  soils  cannot 
be  made  mellow,  simply  because  the  alkali  causes  the  particles  of 
earth  to  stick  together.  The  earth  can  be  torn  asunder  into  lumps 
(clods)  by  the  ploughshare,  but  the  furrows  will  not  fall  down  to 
powder  on  drying,  which  is  the  essential  feature  of  good  tillage. 

These  alkali  soils  have  given  much  trouble  in  California  in  re- 
cent years.  As  Hilgard  has  remarked,  the  presence  of  no  more 
than  0.1  ^  of  carbonate  of  soda  in  a  clayey  soil  may  be  sufficient 
to  render  the  soil  practically  uutillable,  even  when  considerable 
quantities  of  neutral  salts  of  sodium  and  calcium  are  also  present. 
But  it  may  well  be  asked  whether,  in  many  cases,  the  difficulty 
does  not  arise  from  the  presence  of  too  much  of  a  good  thing.  It 
seems  plain,  on  the  face  of  the  matter,  that  the  tilth  of  many  a 
porous  open  soil  might  be  improved  by  means  of  alkalies  acting 
to  make  the  particles  of  earth  less  granular  and  more  plastic,  so 
that  capillary  water  may  be  lifted  more  freely  and  retained  more 
forcibly.  It  was  for  the  sake  of  correcting  undue  looseness  that 
the  Norfolk  County  farmers  laid  such  stress  on  having  their  light 
soils  trampled  down  firmly  by  means  of  cattle  and  sheep  that  were 
fed  upon  the  land,  and  that  the  Scotch  long  since  resorted  to  the 
use  of  heavy  rollers  upon  their  light  lands.  It  is  not  improbable 
that  the  excellent  results  obtained  sometimes  by  applying  potassic 
fertilizers  to  the  light  Norfolk  soils,  may  really  have  depended 
upon  the  impaction  of  the  land  by  force  of  alkalinity. 

I  have  in  fact  found,  by  experiment  upon  light  land,  that  this 
very  advantage  was  obtained  by  the  application  of  wood-ashes  to 
the  soil.  A  plot  of  land  dressed  during  several  years  with  what 
any  farmer  would  have  considered  a  large  quantity  of  wood- 
ashes  became  so  firmly  bound  that  a  yoke  of  heavy  oxen  had 
some  difficulty  in  dragging  a  plough  through  the  soil  in  dry  sum- 
mer weather.  The  furrow  where  it  crossed  this  plot  was  a  mere 
mass  of  clods.     Yet  through  all  the  years  of  the  experiment,  that 
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plot  had  manifestly  been  better  supplied  with  water  than  any  of  the 
adjacent  plots. 

A  suggestion  thrown  out  by  Sachsse  and  Becker,  may  here  be 
mentioned  as  possibly  having  some  bearing  upon  the  case  in  hand. 
Their  thought  was  that  the  continued  action  of  a  fixed  alkaline 
carbonate  upon  silicates  in  the  soil  might  produce  enough  of  a  col- 
loid alkaline  silicate  to  bind  together  fine  particles  of  soil  and  to 
hinder  flocculation.  The  force  of  the  suggestion  is  weakened  by 
the  experiments  of  Milton  Whitney,  who  finds  that  the  capillary 
condition  of  certain  soils  may  be  very  much  improved  by  adding 
ammonia  water  (or  some  other  alkali) ,  which  simply  acts  to  undo 
the  flocculated  condition  of  the  clay  which  the  soil  contains,  and 
can  hardly  be  supposed  to  conduce  to  the  formation  of  a  colloid 
silicate. 

Action  of  Potashes  on  SoiUnitrogen, 

An  objection  is  sometimes  made  to  wood-ashes,  as  a  manure  for 
tobacco,  that  the  plants  grow  coarse,  perhaps  because  of  nitrogen 
supplied  to  the  crop  by  the  action  of  potash  on  humus;  such 
action,  namely,  as  was  discussed  under  Alkali  CJomposts.  The 
question  has  even  been  asked,  sometimes,  whether  the  beneficial 
action  of  alkalies  as  manures  for  leguminous  crops  may  not  per- 
haps depend  upon  the  power  of  alkaline  matters  to  dissolve  organic 
matters  in  the  soil ;  or  it  may  be  that  the  Increased  power  of  the 
soil  to  hold  water,  due  to  the  presence  of  the  alkali,  is  unfavora- 
ble for  the  best  habit  of  growth.  According  to  M.  Whitney, 
*'The  most  important  factor  which  determines  the  texture  and 
color  of  the  leaf  is  the  texture  of  the  soil  and  its  relation  to 
moisture  and  heat." 

The  tendency  of  potashes  to  promote  rank  growth  is  often 
strikingly  illustrated  in  countries  recently  cleared  of  wood.  Where- 
ever  a  heap  of  logs  has  been  burned,  it  is  noticed  that  vegetation 
is  apt  to  be  particularly  rank  and  luxuriant  precisely  where  the 
largest  quantities  of  ashes  are  lying.  Several  writers  have  ex- 
pressed surprise  that  these  appearances  should  be  as  they  are,  for 
their  first  thought  was  that  so  large  an  amount  of  ashes  must  de- 
stroy vegetation.  It  is  noticed  that  wheat  or  other  grain  sown 
upon  the  newly- burned  land  often  "  lodges  "  at  those  spots  where 
heaps  of  logs  have  been  consumed.  This  rankness  of  growth  is 
probably  to  be  attributed  both  to  a  superabundant  supply  of  ni- 
trogenous food,  and  also  to  the  fact  that  the  spots  charged  with 
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alkali  are  in  many  cases  better  supplied  with  moisture  than  the 
remainder  of  the  field. 

It  was  noticed  long  ago  by  Lorain,  that  the  ground  where  the 
log- heaps  were  burned  seenjed  to  be  moister  than  the  surrounding 
soil.  All  this  consists,  moreover,  with  what  Hilgard  has  noticed 
upon  the  alkali  soils  of  California,  where  the  alkali  <'  puddles '' 
the  clay  in  the  soil,  and  prevents  water  from  draining  away  from 
it.  As  he  puts  it,  '^  Soils  impregnated  with  alkaline  carbonates 
may  generally  be  recognized  by  their  extreme  compactness  and 
refractoriness  under  tillage,  and  by  the  fact  that  they  are  apt  to 
form  <  low  spots '  in  the  general  surface  of  non-alkaline  land,  i.  e. 
places  where  turbid  clay- water,  dark  with  dissolved  humus,  will 
lie  for  weeks  after  the  higher  land  appears  diy."  .  .  .  '*By 
adding  gypsum  to  such  soils,  their  alkalinity  may  be  destroyed 
and  the  dissolved  humus  will  be  precipitated  and  given  back  to 
the  soU." 

Ashes  of  Cotton-seed  Hulls. 

There  is  a  variety  of  ashes  procurable  in  commerce,  derived 
from  the  hulls  of  cotton-seeds,  as  obtained  in  the  process  of  '*  de- 
cortication "  which  precedes  the  grinding  and  pressing  by  means 
of  which  oil  is  extracted  from  the  seeds.  The  hulls,  though  some- 
times used  as  food  for  cattle,  are  often  burned  as  fuel  at  the  oil- 
factories,  in  conjunction  with  wood  or  coal,  whence  it  happens 
that  the  ashes  vary  considerably  in  composition.  They  are  natu- 
rally more  or  less  valuable,  according  as  they  contain  less  or  more 
of  the  ash  of  the  supplementary  fuel.  According  to  S.  W.  John- 
son^  those  lightest  in  color  are  usually  richest  in  potash. 

As  brought  to  the  North,  cotton-hull-ashes  commonly  contain 
from  18  to  30%  of  potash,  chiefly  soluble  in  water,  and  free  from 
any  contamination  with  chlorides;  and  from  5  to  10  %  of  phos- 
phoric acid,  of  which  from  1 J  to  2  %  is  soluble  in  water.  It  ap- 
pears therefore,  that,  considered  as  a  fertilizer,  cotton-hull-ashes 
are  much  more  concentrated  than  ordinary  wood-ashes.  In  point 
of  fact,  they  contain  so  large  a  proportion  of  carbonate  of  potash 
that  they  might  do  no  little  harm  to  crops  if  they  were  to  be  ap- 
plied injudiciously  or  in  too  large  quantities.  Indeed  the  very 
fact  of  their  strong  alkalinity  makes  the  hull-ashes  so  useful  for  a 
variety  of  technical  purposes,  that  it  is  highly  probable  that  they 
will  not  long  continue  to  be  available  as  a  manure.  Although  the 
supply  is  limited,  the  price  at  which  cotton-hull-ashes  have  been 
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sold  hitherto  ($35  to  $40  the  ton  in  New  England)  is  so  low  that 
they  have  been  by  far  the  cheapest  source  of  potash  in  the  market. 
They  have  been  used  with  advantage  for  manuring  tobacco,  and 
are  specially  prized  by  tobacco  growers.  The  only  objection  to 
the  use  of  these  ashes  is  their  liability  to  vary  widely  as  to  their 
composition.  Without  an  analysis  there  can  be  no  certainty  as  to 
the  true  value  of  any  given  sample. 

Double  Carbonate  of  Potash  and  Magnesia. 

A  hydrous  carbonate  of  potash  and  magnesia  prepared  in  Ger- 
many, would  seem  to  be  well  adapted  for  use  on  soils  and  crops 
which  are  known  to  profit  from  applications  of  wood- ashes  or  cot- 
ton-hull-ashes. According  to  S.  W.  Johnson,  this  substance  con- 
tains 18  %  of  real  potash  and  19  %  of  magnesia;  both  of  these 
substances  being  combined  with  carbonic  acid  and  water.  It  is 
practically  free  from  chlorine.  It  is  to  be  noted,  however,  that  it 
contains  5  or  6  ^  less  potash  than  is  contained  in  cotton-hull- 
ashes  on  the  average. 

Lime-kiln  Ashes. 

There  is  yet  another  product,  called  lime-kiln  ashes,  which  is 
sent  out  by  the  car-load  from  Vermont  and  other  localities  where 
lime-kilns  are  fired  with  wood.  But  these  ashes  consist  chiefly  of 
lime-dust.  They  usually  contain  less  than  2  %  of  potash,  and 
less  than  1  ^  of  phosphoric  acid.  They  may  be  regarded  as 
wood-ashes  admixed  and  diluted  with  from  4  to  6  times  their 
weight  of  lime,  much  of  which  has  become  partially  air-slaked. 
Of  course,  where  the  lime-kilns  are  fired  in  part  with  coal,  the 
ashes  would  be  still  poorer  in  potash  and  phosphoric  acid.  One 
special  objection  to  lime-kiln  ashes  is  their  liability  to  contain 
fragments  of  limestone  which  have  not  been  thoroughly  burned, 
as  well  as  pieces  of  lime  which  have  been  superheated  or  "  over- 
burned  "  as  tlie  term  is.  When  too  strongly  heated  in  the  kiln, 
lime  is  left  in  the  form  of  hard  lumps,  which  do  not  readily  fall 
to  powder  on  being  wet.  I  have  heard  the  objection  from  a  man 
who  farms  a  rich  bottom  land  in  the  western  part  of  Massachu- 
setts,—  and  who  can  hardly  have  been  familiarly  acquainted  with 
the  gravelly  drift  soils  of  the  upland,  —  that  ''there  are  hard 
lumps  of  lime  in  such  ashes  which  will  take  the  edge  off  a  hoe 
quicker  than  thought." 

Brick-kiln  Ash£s, 

In  a  sample  of  ashes  from  a  brick-kiln  that  had  been  fired  with 


484  AGBICtJLTtmE. 

chestnutrwood,  Professor  Johnson  repoils  1.5  ^  of  potash,  and 
less  than  1  %  of  phosphoric  acid.     The  sample  consisted  chiefly 
of  brick-dust  and  sand.     Such  ashes  as  these  could  be  used  witb 
advantage  on  many  soils  in  the  immediate  vicinity  of  the  kiln  ; 
but  they  are  not  worth  enough  to  be  carried  to  a  distance.     So, 
too,  in  respect  to  the  lime-kiln  ashes,  there  are  doubtless  special 
cases  and  places  where  they  might  be  employed  with  profit  by 
intelligent  farmers,  although  they  are  not  to  be  compared  with 
wood- ashes,  and  have  no  such  general  applicability  as  the  latter. 
Generally  speaking,  they  are  not  to  be  commended,  for  they  are 
of   variable  and  uncertain  composition,  and  are  never  valuable 
enough  to  bear  the  cost  of  distant  transportation.     Even  as  re- 
gards the  lime  in  them,  they  must  be  decidedly  inferior  in  every 
way  to  good  quicklime  such  as  is  made  expressly  for  the  use  of 
farmers  or  builders. 

Greensand, 

The  greensand,  or  ao-called  '*  greensand  marl,"  of  New  Jersey, 
has  hitherto  been  considered  as  of  only  local  importance,  though 
it  contains  a  good  deal  of  potash,  and  has  been  used  with  great 
advantage  in  the  regions  where  it  is  found.  According  to  G.  H. 
Cook,  the  potash  may  be  taken  on  the  average  as  5  %  of  the 
whole  weight  of  the  sand ;  and  since  a  bushel  of  this  substance 
weighs  about  80  lb.,  it  would  contain  4  lb.  of  potash,  or  about  as 
much  as  is  contained  in  a  bushel  of  good  wood-ashes.  The  green- 
sand moreover  often  contains  as  much  as  1  or  2  ^  of  phosphoric 
acid,  though,  as  a  matter  of  course,  both  these  constituents  are  in 
a  very  different  condition  from  those  found  in  ashes. 

Considered  as  a  manure,  the  greensand  acts  rather  slowly.  It 
is  said,  for  instance,  that  its  effects  will  be  perceived  upon  land 
for  ten  or  twelve  years.  It  is  evident  enough  that,  so  far  as  its 
contents  of  potash  and  phosphoric  acid  are  concerned,  it  could 
not  repay  the  cost  of  transpoitatlon  to  any  very  great  distance. 
Greensand  analogous  to  tTie  fixing  Silicates. 

Most  writers  who  have  discussed  the  subject  hitherto  have  been 
disposed  to  make  the  objection  that  the  greensand  is  a  sand  merely, 
and  neither  a  manure  proper,  nor  a  soil,  nor  a  disintegrated  mine- 
ral, such  as  would  contain  food  immediately  available  for  the  plant. 
But,  in  point  of  fact,  the  greensand  is  a  hydrated  silicate  of  iron 
and  potash.  It  belongs  to  the  mineral  species  glauconite,  and  is 
probably  —  one  might  almost  say  doubtless  —  competent  to  act  as 
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an  agent  for  absorbing  lime,  soda,  ammonia,  and  the  like,  from 
the  soil-water,  and  at  the  same  time  yielding  up  its  potash  for  the 
use  of  plants.  If  this  view  be  correct,  the  greensand  deserves  to 
receive  far  closer  attention  than  has  been  accorded  to  it  hitherto. 

Before  potassic  fertilizers  were  as  abundant  as  they  are  now,  it 
might  have  been  questioned  whether  it  would  not  perhaps  be  well 
in  some  localities  to  prepare  artificially  a  hydrated  silicate  of  pot- 
ash and  alumina  to  be  applied  to  light,  hungry  soils  in  order  to 
provide  a  permanent  store  of  potash  from  which  plant-food  should 
be  given  up  slowly  through  the  action  of  saline  matters  in  the  soil- 
water.  But  in  the  greensand  the  desired  double  silicate  is  found 
ready  made.  The  rock  palagonite,  previously  mentioned,  is  another 
natural  product  whose  action  upon  certain  soils  would  be  well  worth 
studying  as  a  scientific  experiment. 

An  instance  of  the  natural  fertilization  of  land  by  means  of  a 
disintegrated  volcanic  rock  has  been  described  by  Rozet,  and  by 
other  French  writers.  The  old  district  of  Limagne,  in  Auvergne, 
is  an  extensive  valley  bounded  at  the  west  and  southwest  by  vol- 
canic hills,  from  which  the  prevailing  winds  sweep  off  such  large 
quantities  of  fine  volcanic  ashes  that  —  on  looking  down  upon  the 
valley  from  the  peaks  of  the  hills  —  the  land  is  often  seen  to  be 
shrouded  by  a  faint  cloud  of  ashes,  as  it  would  be  by  a  thin  mist. 
These  ashes  are  deposited  upon  the  valley  land  to  its  great  benefit. 
It  has  been  computed  indeed  that  as  much  as  1,000  kilos,  of  the 
ashes  may  be  brought  to  each  hectare  of  land  in  a  single  year,  and 
it  has  been  argued  that  the  proverbial  fertility  of  the  valley  may 
depend  in  good  part  upon  the  constant  supplies  of  plant-food  which 
are  brought  to  it  in  the  ashes. 

State  of  the  Potash  in  SoUs, 

It  is  to  be  remarked  that  most  of  the  potash  immediately  avail- 
able for  crops  which  is  contained  in  ordinary  soils  probably  occurs 
there  either  in  the  form  of  hydrated  double  silicates  or  in  that  of 
double  humates,  though  in  really  good  soils,  or  in  those  recently 
manured,  some  small  portions  of  soluble  potash  salts  may  be  found 
clinging  to  the  earth  by  mere  adhesion.  A  part  of  the  '^  fixed" 
potash  is  doubtless  dissolved  by  mere  water,  and  brought  to  the 
plant  as  an  aqueous  solution,  and  some  of  it  is  probably  dissolved 
out  by  carbonic-acid  water  (i.  e.  bi-carbonate  of  lime),  and  so 
carried  to  the  plant  in  the  form  of  potassium  bi-carl)onate,  while 
still  another  portion  may  be  dissolved  out  directly  from  the  soil  by 
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the  action  of  acids  exuded  by  plant-roots.  Each  of  these  agents 
would  naturally  dissolve  some  potash  from  mere  gravel,  or  fi-om 
crumbled  or  broken  rocks,  but  it  is  to  be  supposed  that  their 
solvent  action  is  of  paramount  importance  when  exerted  upon  the 
hydrated  silicates  and  the  humates. 

Dyer  has  obtained  some  instructive  results  on  testing  how  much 
potash  can  be  dissolved  out  from  soils  by  dilute  citric  acid  (con- 
taining 1  %  of  the  crystallized  acid)  and  by  hydrochloric  acid, 
respectively,  according  as  the  land  has  or  has  not  been  manured - 
Thus,  on  8  fields  which  had  been  dressed  with  sulphate  of  potash 
for  many  consecutive  years,  he  found  that  the  quantity  of  potash 
soluble  in  hydrochloric  acid  exceeded  the  amount  dissolved  there- 
by from  unmanured  land  in  the  proportion  1.36  :  1,  while  the 
quantities  of  potash  soluble  in  dilute  citric  acid  in  the  two  cases 
were  as  9  :  1 .  A  field  which  had  been  dressed  continuously  with 
farmyard-manure  during  38  years,  gave  up  twice  as  much  potash 
to  the  dilute  citric  acid  as  another  field  did,  which  had  been  left 
unmanured  during  18  years,  after  having  received  farmyard-ma- 
nure annually  during  the  previous  20  yeai*s ;  and  it  was  noted  that 
the  crops  obtained  from  the  land  differed  in  the  same  proportion 
as  the  amount  of  soluble  potash  differed. 

Much  more  potash  soluble  in  citric  acid  was  found  in  land  which 
had  been  dressed  with  the  sulphates  of  potash,  soda  and  magnesia, 
without  any  addition  of  superphosphate,  than  could  be  dissolved 
out  from  land  which  had  received  some  superphosphate  of  lime  as 
well  as  the  sulphates  above  mentioned,  because  the  land  which  got 
the  superphosphate  yielded  much  larger  crops  than  the  other  land, 
and  these  crops  carried  off  much  of  the  soluble  potash.  Similar 
results  were  obtained  also  on  land  dressed  with  rape-cake,  together 
with  the  sulphates,  with  and  without  addition  of  the  superphos- 
phate. It  was  noticeable,  furthermore,  that  land  dressed  with 
ammonium  salts,  without  any  addition  of  potassic  fertilizers, 
yielded  very  little  potash  to  the  weak  citric  acid ;  whereas,  in  case 
nitrate  of  soda  was  applied  to  the  land,  without  auy  potassic  fer- 
tilizer, a  considerable  amount  of  the  comparatively  inert  potash  in 
the  soil  was  loosened  up  so  that  it  dissolved  in  the  citric  acid. 
Dyer  suggests  that  any  soil  which  yields  less  than  0.005  %  of 
potash  to  citric  acid  of  one  per  cent  probably  stands  in  need  of  a 
potassic  fertilizer. 
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Potash  from  Bocks, 

It  has  often  been  proposed  formerly  to  obtain  potash  for  agricul- 
tural purposes  by  decomposing  feldspar  and  other  potassic  rocks 
artificially  by  means  of  chemical  agents.  For  example,  H.  Wurtz, 
of  New  York,  proposed  long  ago  to  decompose  the  New  Jersey 
greensand  by  fusing  it  with  chloride  of  calcium ;  and  several  per- 
sons have  thought  to  obtain  soluble  potash  by  fusing  or  fritting 
feldspar  with  lime.  Neither  of  these  methods  has  ever  had  any 
economic  importance,  and  since  the  discovery  of  a  mine  of  soluble 
potash  compounds  at  Stassfurt  they  are  likely  to  be  forgotten. 
No  doubt,  however,  there  are  many  potassic  rocks,  such  as  the 
greensand,  and  the  palagonite,  and  various  traps  and  zeolites, 
possibly  some  kinds  of  feldspar  even,  or  slates,  which  in  some 
instances  might  repay  the  cost  of  reducing  them  to  powder.  Small 
batteries  of  stamps  driven  by  water  power,  such  as  were  formerly 
used  abroad  for  pulverizing  bones  in  inland  agricultural  districts, 
might  perhaps  be  established  with  profit  in  certain  localities.  The 
experiment  is  well  worth  trying,  in  some  localities  where  green- 
sand can  be  procured,  whether  the  cost  of  reducing  the  sand  to 
fine  powder  would  not  be  more  than  repaid  by  the  increased  effi- 
ciency of  the  product  as  a  manure.  It  should  be  said,  however,  that 
Lucas,  who  experimented  in  this  sense  upon  a  bituminous  shale, 
rich  in  potash  and  phosphoric  acid,  after  it  had  been  used  as  fuel, 
found  an  advantage  in  reducing  the  mineral  to  the  form  of  a 
granular  powder  rather  than  to  the  condition  of  fine  dust. 

Generally  speaking,  the  rock  had  better  be  roasted  before  it  is 
powdered.  That  is  to  say,  it  may  be  heated  to  low  redness  and 
then  quenched  with  water  to  make  it  friable.  Fuchs  showed  long 
ago  that  when  feldspar,  and  other  minerals  that  contain  silicate  of 
potash,  are  calcined  at  not  too  high  temperatures,  they  become 
comparatively  decomposable  by  chemical  agents,  and  that  a  part 
of  their  potash  may  be  extracted  in  this  way.  This  behavior  of 
the  roasted  minerals  is  similar  to  that  exhibited  by  roasted  clay  or 
by  clayey  soils  that  have  been  pared  and  burnt,  as  will  be  ex- 
plained in  a  subsequent  chapter.  Lampadius  found  in  field  ex- 
periments where  rocks  that  contained  silicate  of  potash,  such  as 
gneiss  and  granite,  and  some  kinds  of  porphyry  and  of  trap,  were 
moderately  calcined  and  then  applied  to  the  land,  that  the  growth 
of  plants  was  promoted  in  a  remarkable  manner. 
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The  Potash  Mine  at  Stassfurt. 

The  deposit  of  potash  minerals  at  Stassfurt,  already  repeatedly 
referred  to«  is  one  of  so  much  importance  that  a  brief  descriptioa 
of  it  will  be  in  order.  The  products  from  this  mine  will  doubtless 
hencefoi*th  control  the  price  of  potash  compounds  everywhere.* 
The  deposit  in  question  occurs  in  connection  with  a  bed  of  rock- 
salt  of  enormous  extent,  above  which,  capping  it  as  it  were,  repose 
layers  of  several  saline  minerals,  notably  compounds  of  potassiam, 
magnesium,  and  lime. 

There  seems  to  have  been  an  inland  lake  or  sea,  through  the 
evaporation,  or  rather  the  boiling  down  of  the  waters  of  which, 
rock-salt  was  deposited  by  crystallization  until  the  mother  liquors 
above  the  salt  became  so  highly  charged  with  compounds  of  potas- 
sium, magnesium,  and  calcium,  that  crystals  of  these  compounds 
were  deposited  in  their  turn  on  top  of  the  salt. 

As  long  1^0  as  1839,  borings  were  made  at  the  locality  in  the 
hope  of  finding  salt,  and  brine  was  actually  obtained  in  1843 ;  bat 
it  was  so  highly  charged  with  magnesium  compounds  that  it  was 
not  worth  working.  After  a  while,  certain  geologists  who  had 
studied  the  locality  expressed  the  opinion  that  the  magnesia  must 
have  come  from  some  other  source  than  the  bed  of  rock-salt  of 
whose  existence  they  were  convinced,  and  this  view  was  corrobo- 
rated by  the  matter  brought  up  by  a  new  boring,  made  in  1848  or 
1849.  It  having  thus  been  proved  that  the  magnesia  must  have 
come  from  a  bed  lying  above  the  pure  rock-salt,  mining  operations 
were  undertaken  in  1851  in  order  to  get  at  the  salt.  By  1856  two 
shafts  had  been  sunk  to  the  depth  of  some  1,100  feet,  where  a  bed 
of  impure  rock-salt  was  struck.  This  was  some  distance  below 
the  potash  mineral,  the  value  of  which  was  then  unsuspected. 

Pure  rock-salt  was  reached  in  1857;  as  had  been  anticipated, 
and  its  extraction  was  proceeded  with ;  but  it  was  not  until  1859 
that  the  true  value  of  the  layer  of  potash  mineral  was  recognized. 
The  dip  of  the  layers  and  general  character  of  the  deposit  having 
by  this  time  been  well  made  out,  a  new  pit  was  sunk  nearly  a  mile 
from  the  first,  by  means  of  which  both  the  potash  and  the  salt  can 


>  Enormoni  deposits  of  potash  minerals  have  been  found  in  Austrian  Poland  also,  but 
they  are  less  favorably  situated  for  commercial  purposes  than  the  Stassfurt  bed.  Iheee 
distant  mines  might  become  important,  howeyer,  at  any  moment,  in  case  access  to  the 
Stassfurt  products  were  to  be  hindered  by  war,  or  by  export  duties  or  other  legialatiTe 
interferences.  Meanwhile  the  mere  fact  of  the  existence  of  the  Austrian  mines  tends  to 
keep  the  potash  trade  at  Stassfurt  free. 
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be  reached  at  a  less  depth  and  worked  to  better  advantage  than 
before.  This  new  shaft  was  finished  in  1862,  and  from  that  time 
forth  enormous  quantities  of  the  potash  minerals  have  been  ex- 
tracted. In  more  recent  years,  additional  shafts  have  been  sunk 
both  in  the  neighborhood  of  Stassfurt  and  at  somewhat  distant 
localities,  notably  at  Kalusz. 

The  bed  of  salt  beneath  the  potash  minerals  is  of  unknown 
depth;  but,  taking  the  salt  in  connection  with  its  covering,  the 
entire  deposit  may  be  conveniently  divided  into  four  principal  lay- 
ers, or  beds,  each  of  which  is  well  characterized  at  the  centre  by 
the  predominance  of  minerals  peculiar  to  it,  though  at  the  points 
where  the  layer  touches  the  layers  above  and  below  it  the  char- 
acter of  its  contents  is  by  no  means  so  well  defined.  The  rock- 
salt  at  the  bottom  is  wellnigh  pure,  though  interspersed  with  veins 
of  anhydrous  sulphate  of  lime.  Next  above  is  a  100-foot-thick 
bed  of  salt,  interspersed  with  veins  of  a  complex  sulphate  of  pot- 
ash, soda,  and  magnesia  (poly hall ite).  Above  this  is  a  90-foot 
bed  of  sulphate  of  magnesia  (kieserite),  mixed  with  a  double 
chloride  of  potassium  and  magnesium.  And,  finally,  at  the  top  is 
a  70-foot  bed  of  the  potash  mineral  proper  (carnallite)  ;  this  is  a 
hydrated  double  chloride  of  potassium  and  magnesium,  contain- 
ing, when  pure,  about  27  %  of  dry  chloride  of  potassium.  The 
mineral  is  detached  in  large  masses  from  the  bed  by  means  of 
gunpowder.  The  cost  of  extracting  it  is  exceedingly  low,  and  the 
amount  produced  is  limited  only  by  the  demand. 

In  the  beginning,  the  crude  potash  mineral  was  sent  into  com- 
merce to  be  sold  as  a  fertilizer  under  the  name  Abraum  Salt,  and 
it  is  perhaps  still  so  used  to  a  small  extent ;  but  chemical  works 
were  soon  established  for  the  purpose  of  purifying  the  mineral, 
and  several  of  the  products  obtained  at  these  works  are  now  used 
as  manures.  Both  chloride  of  potassium  and  sulphate  of  potash 
may  be  had  there  in  varying  degrees  of  purity. 
MuricUea  of  Potash. 

By  subjecting  the  crude  mineral  carnallite  to  processes  of  solu- 
tion, crystallization,  lixiviation  and  steaming,  there  Is  obtained 
chloride  of  potassium  of  various  degrees  of  purity,  and  from  the 
chloride  other  compounds  of  potash  are  manufactured,  notably 
sulphate  of  potash  and  carbonate  of  potash.  One  particular  va- 
riety of  the  chloride,  known  as  ''  muriate  of  potash  of  80  %," 
usually  contains  from  80  to  85  %  of  pure  chloride  of  potassium. 
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It  may  be  said  to  contain  about  half  its  weight  of  real  potasli 
(K2O) .  It  has  been  largely  used  as  a  fertilizer,  and  may  perhaps 
be  as  good  as  any  other  of  the  Stassfurt  products  for  the  general- 
ity of  purposes.  Other  varieties  of  the  muriate  are  prepared  whicli 
are  considerably  stronger  than  the  foregoing.  Thus,  one  process 
of  manufacture  is  said  to  yield  products  that  contain  from  85  to 
95  ^  of  pure  chloride  of  potassium ;  there  is  another  product 
which  is  classed  as  ''95  to  98%  muriate";  and  still  another 
which  contains  98  or  99  %  of  the  pure  chloride ;  but  it  is  probable 
that  neither  of  these  varieties  has  any  special  advantage  over  the 
80  %  muriate,  for  agricultural  purposes.  There  is  yet  another 
much  weaker  grade  of  the  muriate  obtained  as  an  incidental  pro- 
duct, which  contains  no  more  than  some  45  to  50  %  of  chloride 
of  potassium. 

It  is  of  interest  to  note  that  carnalUte,  as  taken  from  the  mine, 
contains  traces  of  ammonium  chloride.  Usually  no  more  than 
0.01  to  0.08  ^0  of  it  is  present,  though  occasionally  as  much  as 
a  quarter  of  one  per  cent  has  been  detected.  But  in  the  prepara- 
tion of  artificial  carnallite  the  proportion  of  ammonium  chloride 
increases  to  such  an  extent  that  4  ^  of  it  or  more  may  be  con- 
tained in  the  final  product.  It  has  been  noticed  indeed,  in  making 
chloride  of  potassium  from  carnallite,  that  a  deposit  sometimes 
forms  which  contains  80  to  90  %  of  the  ammonium  chloride. 

Muriate  of  potash,  no  matter  what  its  strength,  may  answer 
well  enough  for  clover,  grass,  corn,  and  ordinary  root-crops,  and 
it  has  the  merit  of  being  cheaper  than  the  sulphate.  But  it  is 
objectionable  in  respect  to  sugar-beets,  tobacco,  and  sometimes  as 
regards  potatoes.  The  chlorine  in  it  hinders  beet-sugar  from 
crystallizing,  and,  in  some  soils,  tends  to  make  potatoes  waxy 
rather  than  mealy.  It  impairs  the  quality  of  tobacco-leaves  to 
such  an  extent  that  they  command  a  lower  price  than  would  have 
been  the  case  if  another  kind  of  potash  salt  had  been  used.  Hence 
sulphate  of  potash  that  contains  no  contamination  of  chlorides  is 
greatly  preferred  for  tobacco  and  beets ;  and  is  esteemed  to  be 
best,  on  the  whole,  for  potatoes  also,  especially  in  cases  where — 
as  is  not  unusual  in  Germany  —  the  tubers  are  to  be  used  for 
making  starch.  It  should  be  said,  nevertheless,  that  the  chloride 
is  not  by  any  means  always  harmful  in  respect  to  potatoes. 
Numerous  experiments  are  on  record  which  show  that  under  some 
conditions  potatoes  succeed  as  well  with  chloride  of  potassium  as 
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with  the  sulphate,  or  even  better.     Some  accoonts  say  that  if  the 
chloride  is  put  upon  the  land  in  the  autumn  before  the  potatoes 
are  to  be  planted,  heavy  crops  of  tubers  of  excellent  quality  and 
flavor  may  be  counted  on  if  the  season  is  favorable  for  growth. 
InfltLerice  of  Chlorides  on  SoU-tocUer, 

One  attribute  of  muriate  of  potash,  which  it  shares  with  several 
other  saline  fertilizers,  is  to  increase  the  power  of  some  soils  to 
draw  up  water  from  below.  As  has  been  stated  under  the  head 
of  nitrate  of  soda,  it  has  often  been  observed  that  applications  of 
nitrates  as  well  as  of  chlorides  and  sulphates  tend  to  keep  the  land 
moist  in  dry  weather,  and  M.  Whitney  has  found  by  experiment 
that  such  saline  solutions  have  an  appreciably  larger  lifting-power 
than  mere  water  has.  If  the  lifting-power  of  water,  due  to  sur- 
face tension,  is  stated  as  7.532,  that  of  a  solution  of  sodium  ni- 
trate is  7.730,  of  a  solution  of  muriate  of  potash  7.907,  of  sodium 
chloride  7.911,  and  of  magnesium  chloride  7.964. 

It  has  been  noticed  in  Europe  not  infrequently,  when  heavy 
dressings  of  saline  fertilizers  are  applied  to  land  which  is  to  all 
appearance  dry,  that  it  suddenly  becomes  visibly  moist,  because 
the  saline  matter  has  attracted  to  itself  some  of  the  water  in  the 
soil.  But  when  the  conditions  are  favorable  for  drying  off,  by 
way  of  evaporation,  the  water  thus  brought  to  the  surface,  a  very 
firm  crust  is  apt  to  be  formed,  which  in  some  cases  can  hardly  be 
broken  with  the  hoe.  In  order  to  avoid  this  difficulty,  Maercker 
recommends  that  heavy  dressings  of  potash  salts  should  be  ap- 
plied either  in  the  autumn,  or  at  least  a  month  before  the  time 
when  seeds  are  to  be  sown,  and  that  the  salt  should  then  be  worked 
into  the  soil  with  the  plough  or  the  cultivator.  In  the  case  of 
heavy  soils,  it  has  been  found  to  be  advantageous  to  apply  lime 
together  with  the  potash  salt 

Sulphates  of  Potash* 

Several  grades  of  sulphate  of  potash  are  manufactured  at  Stass- 
furt,  either  by  processes  of  decomposing  the  double  sulphate  of 
magnesia  and  potash  (see  below) ,  or  by  heating  chloride  of  potas- 
sium with  sulphuric  acid  in  a  reverberatory  funiace  and  calcining 
the  product.  One  of  the  Stassf  urt  sulphates  contains  as  much  as 
96  to  98  ^  of  the  pure  salt,  and  another,  which  is  sold  in  consider- 
able quantities  in  this  country  under  the  name,  "  high  grade  sul- 
phate of  potash,"  contains  90  to  95  ^  of  the  pure  sulphate  and  is 
guaranteed  to  hold  from  50  to  52  ^  of  real  potash  (K,0) ,  and  to 
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be  practically  free  from  any  contamination  of  chlorides.     This 
material  is  evidently  good  enough  for  agricultural  purposes. 

Either  of  these  excellent  products  might  easily  be  prepared  in 
this  country  by  the  manufacturers  of  muriatic  acid  if  they  would 
but  operate  upon  chloride  of  potassium  of  high  grade  instead  of 
using  common  salt  as  has  been  customary.  On  heating  muriate 
of  potash  with  oil  of  vitriol  in  an  iron  vessel,  muriatic  acid  distils 
off,  while  a  sulphate  of  potash  remains,  but,  in  order  to  obtain  a 
fusible  residue  which  can  be  raked  out  of  the  retort  without  trouble, 
it  is  customary  to  employ  rather  more  oil  of  vitriol  than  would  be 
sufficient  to  change  all  the  muriate  of  potash  to  sulphate  of  pot-  " 
ash.  Instead  of  working  upon  the  basis  expressed  by  the  equa- 
tion 

2  KCl  -f  HjO,SO,  =  K,0,  SO.  +  2  HCl, 

"  an  excess  "  of  sulphuric  acid  is  employed,  so  that  there  may  be 

formed  a  certain  quantity  of  "  acid  sulphate  of  potash,"  the  mode 

of  formation  of  which  may  be  indicated  by  the  following  equation 

2  KCl  +  2  (HjO,  SOb)  =  (KaO,  H,0,  2  SO.)  +  2  HCl. 

Ordinarily,  about  1.5  molecules  of  sulphuric  acid  are  taken  for 
two  molecules  of  chloride  of  potassium,  and  a  ^*  sesquisulphate  of 
potash  "  is  obtained,  and  this  product  must  be  roasted,  after  it  has 
been  taken  from  the  retort,  in  order  to  expel  the  excess  of  acid, 
and  obtain  real  sulphate  of  potash.  The  acid  sulphate  is  a  cor- 
rosive substance  wholly  unfit  to  be  put  upon  land  that  is  soon  to 
be  seeded  or  planted,  for  it  would  kill  speedily  seeds  and  young 
plants.  It  might  sometimes  be  used  with  advantage  for  killing 
weeds,  insects  or  worms  on  land  infested  with  these  pests,  or  it 
might  be  composted  with  weeds  to  kill  then*  seeds.  In  case  a 
manufacturer  should  neglect  the  roasting  process,  and  a  quantity 
of  the  acid  sulphate  should  unwittingly  fall  into  a  farmer's  hands, 
the  acidity  might  be  corrected  by  means  of  wood-ashes,  either 
leached  or  fresh,  by  phosphatic  slag,  or  by  means  of  bone-black 
in  case  the  mixture  could  be  left  to  itself  for  some  time  before 
spreading  it. 

It  is  to  be  noted  that  the  normal,  neutral  sulphate  of  potash  is 
not  in  the  least  corrosive.  It  may  safely  be  applied  to  the  land  in 
much  larger  quantities  than  are  permissible  as  regards  the  chloride 
of  potassium.  Indeed,  it  is  a  general  rule  that  the  chlorides  of 
potassium,  sodium,  calcium  and  magnesium  are  much  more  likely 
to  do  harm  than  the  corresponding  sulphates.     Schuebler  showed 
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long  ago  that,  in  pot  experiments,  one  part  by  weight  of  common 
salt  might  do  as  much  harm  as  8  to  11  parts  of  a  neutral  sulphate 
of  potash,  soda  or  magnesia. 

Beside  the  high-grade  sulphate  above  described,  several  other 
Stassfurt  sulphates  are  procurable.  For  example,  there  is  one 
with  80  %  of  pure  sulphate  of  potash,  which  should  carry  40  % 
or  more  of  real  potash,  but  it  contains  much  chlorine,  even  to  the 
extent  of  more  than  one-third  its  weight.  More  than  two-thirds 
of  the  potash  in  this  compound  must  be  in  the  form  of  muriate  of 
potash.  Another  impure  product,  improperly  classed  as  sulphate 
of  potash,  contains  25  %  of  real  potash,  and  yet  another  10  %. 

Kainit. 

One  of  the  commonest  of  potassic  fertilizers  is  a  mineral  called 
kainit,  which,  though  seldom  seen  at  the  original  Stassfurt  mine, 
is  found  in  tolerable  abundance  at  the  newer  mines  in  the  neigh- 
borhood of  Stassfurt.  Kainit  is  often  spoken  of  as  ^^  sulphate  of 
potash,"  or  as  "  low-grade  sulphate  of  potash,"  but  these  expres- 
sions are  improper  in -view  of  the  large  proportion  of  chlorides 
contained  in  it.  Usually,  there  is  enough  chlorine  in  the  kainit  of 
commerce  to  amount  to  rather  more  than  one-quarter  of  its  weight. 
Indeed,  there  is  enough  chlorine  in  it  to  combine  with  all  the  potas- 
sium which  it  contains,  and  some  chemists  believe  that  chloride  of 
potassium,  and  not  sulphate  of  potash,  is  really  present  in  the  min- 
eral. As  imported  into  this  country,  kainit  is  of  rather  variable 
composition.  Usually  it  contains  from  11  to  15  %  of  real  potash, 
and  it  is  admixed  with  various  impurities,  notably  common  salt 
and  gypsum.  It  commonly  contains  more  soda  than  potash,  and 
rather  less  magnesia.  It  is  supposed  to  have  been  formed  from 
carnallite  in  places  where  limited  quantities  of  water  have  gained 
access  at  some  time  to  the  latter. 

Pure  kainit  may  be  regarded  either  as  consisting  of  sulphate 
of  potash,  sulphate  of  magnesia,  and  chloride  of  magnesium 
(K2O,  SOb;  MgO,  SO3;  Mg  Cla-f  6  HjO)  ;  or  as  composed  of 
sulphate  of  magnesia  and  chloride  of  potassium.  At  one  time  the 
formula  of  kainit  was  written  KCl;  2  (MgO,  SO,)  -f  6  H,0,  but 
inasmuch  as  the  mineral  deliquesces  in  the  air,  as  chloride  of 
magnesium  does,  while  neither  chloride  of  potassium  nor  sulphate 
of  magnesia  is  deliquescent,  the  first  of  the  two  formulas  above 
given  would  seem  to  be  more  appropriate  than  the  other.  When 
kainit  is  left  for  a  long  time  in  moist  air,  a  quantity  of  the  mag- 
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nesium  chloride  dissolves  and  drains  awaj  from  it ;  and  on  treat- 
ing the  mineral  with  alcohol,  chloride  of  magnesinm  is  dissolved. 
Fleischer  has  suggested  that  the  tendency  of  the  powdered  min- 
eral to  ^^ball"  and  become  lumpy  may  be  avoided  by  mixiDg 
with  it  2  or  3  ^  of  dry  powdered  peat.  It  is  said  that  some 
German  dealers  in  fertilizers  have  adopted  this  method,  and  that 
it  has  been  found  to  be  advantageous.  The  name  kainit  has  often 
been  applied  to  a  manufactured  article  as  well  as  to  the  native 
mineral. 

The  cheapness  of  kainit  commends  it  in  many  cases,  as,  for  ex- 
ample, when  grass-land  is  to  be  manured,  and  enormous  quantities 
have  been  used  both  in  Germany  and  in  this  country.  Not  infre- 
quently it  has  given  better  satisfaction  than  the  80  ^  muriate.  In 
Germany  it  has  been  noticed  occasionally  that  the  application  of 
kainit  to  oats,  at  the  rate  of  2.5  cwt.  to  the  Morgen  of  land,  de- 
cidedly checked  the  ravages  of  the  wire-worm.  The  kainit  was 
used,  however,  in  conjunction  with  nitrate  of  soda  and  di-phos- 
phate  of  lime. 

Fleischer  reports  experiments  made  on  moorland  near  Bremen, 
where  both  the  yield  and  the  character  of  the  herbage  obtained  by 
means  of  additions  of  kainit  were  determined :  — 

There  wm  obtained 
kll<M.  of  fresh  gmH 
From  one  heetere  of  meedow,  dreiaed  with  phoephnlei  akne    .    .  12,000 

From  one  hectare  of  meadow,  drened  with  phosphates  and  a  small 

quantity  of  kainit 23,000 

From  one  hectare  of  meadow,  dressed  with  phoephatei  and  mneh 
kainit 41,000 

Meanwhile  the  proportion  of  clover  in  the  fodder  of  the  first  mow- 
ing increased  from  3  ^  to  10  %  and  27  ^,  and  in  the  second 
mowing  from  10  %  to  20  %  and  84  % ,  and  the  proportion  of  wild 
C  sour'*)  grasses  in  the  crop  diminished  from  19  %  to  no  more 
Uian  3  or  4  %. 

Double  Sulphate  of  Potash  and  Magnesia. 
Yet  another  substance,  often  sold  as  ''  sulphate  of  potash,"  is 
composed  of  potash,  magnesia  and  sulphuric  acid,  and  is  known 
as  double  sulphate  of  potash  and  magnesia.  Sometimes  it  is 
called  ''manure  salts."  It  commonly  contains  from  48  to  54  ^ 
of  sulphate  of  potash,  and  about  a  third  of  its  weight  of  sulphate 
of  magnesia,  beside  moisture  and  impurities.  It  is  worthy  of 
much  consideration  because  of  its  cheapness  and  its  comparative 
freedom  from  chlorides.     As  usually  prepared,  it  is  said  to  caiTy 
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no  more  than  2  or  3  ^  of  chlorine.     The  amount  of  real  potash 
in  it  ranges  from  26  to  29  % . 

Cheaper  to  transport  Muriate  than  Sulphate. 
It  is  noteworthy  that  the  cost  of  freight  for  the  potash  in  the 
muriate  of  80  ^,  which  contains  half  its  weight  (i.  e.  50  ^)  of 
real  potash,  would  be  only  about  one-quarter  as  much  as  would 
have  to  be  expended  on  the  crude  sulphate  of  20  %  real  potash, 
for  the  molecular  weights  of  the  sulphate  and  the  chloride  differ 
appreciably.     Thus, 

K,  =  78  K  =  39 

8     =  32  a  =  35.6 

Oi  =64  

74.5 

174 

But,  having  regard  to  potassium  in  each  ease, 

78       39  39 

—  =  —  =,  0.448 ;  whHe =  0.623. 

174      87  74.6 

Beside  this  advantage  in  respect  to  cost  of  transportation,  the 
potash  in  the  muriate  can  be  sold  to  the  farmer  at  a  lower  price 
than  that  In  the  sulphate,  because  enormous  quantities  of  the  mu- 
riate exist  ready  formed  in  the  Stassfui^t  mine,  and  can  readily  be 
extracted  thence  at  trifling  cost,  whereas  more  labor  and  skill  have 
to  be  expended  in  procuring  sulphate  of  potash,  even  that  of  no 
more  than  tolerable  purity. 

Manifestly,  purified  articles  are  to  be  preferred  to  the  crude 
minerals,  in  so  far  as  this  country  is  concerned,  because  of  the 
cost  of  freight. 

Stassfurt  SaUs  seldom  repay  their  Cost. 

It  is  a  curious  fact,  brought  out  by  European  experience,  that, 
while  phosphatic  and  nitrogenous  fertilizers  often  repay  their  cost 
at  once,  and  sometimes  in  a  very  striking  way,  dressings  of  plain 
Stassfurt  salts  have,  as  a  general  rule,  given  little  or  no  money 
profit  in  fertile  regions,  excepting  in  the  case  of  tobacco,  and 
sometimes  in  the  case  of  potatoes  grown  for  table  use.  As  regards 
pastures  also,  Voelcker  has  noticed  that  while  potash  salts,  used 
either  by  themselves  or  admixed  with  superphosphate,  sometimes 
considerably  increase  the  herbage,  the  result  is  often  disappoinir 
ing  in  an  economical  point  of  view.  When  applied  to  clover,  to 
beets,  and  even  to  grain,  the  potash  salts  improved  the  appearance 
of  the  crops  and  increased  the  burden  of  them,  but  in  very  many 
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instances  not  to  a  profitable  degree.  Sulphate  of  potash  has  per- 
haps, on  the  whole,  done  rather  better  than  the  chloride;  bat, 
with  the  exception  of  tobacco,  and  perhaps  potatoes,  and  some- 
times on  beet-farms  and  moor-lands,  it  has  failed  to  yield  the 
hoped-for  profit. 

The  matter  was  summed  up  by  Voelcker,in  1878,  in  the  following 
words  :  "  Potash  salts  are  not  much  used  in  England  for  manuriDg 
purposes.  Experience  has  shown  that,  on  the  great  majority  of  soils, 
in  a  fairly  good  agricultural  condition,  the  addition  of  potash  salts  to 
other  artificial  manures  produces  no  decidedly  beneficial  effect  upon 
the  crops  to  which  they  are  applied.  On  poor,  sandy  land,  and  on 
worn-out  pastures  and  peaty  soils,  however,  potash  salts  in  conjunc- 
tion with  dissolved  bones,  or  superphosphate,  or  a  mixture  of  super- 
phosphate and  guano,  have  been  used  in  England,  as  in  other  countries, 
with  marked  beneficial  effects.  In  artificial  manures  for  potatoes, 
the  admixture  of  potash  salts  to  phosphatic  and  nitrogenous  fertil- 
izing matters,  has  also  been  found  useful." 

It  is  remarkable  withal  that  the  Stassf  urt  salts  have  not  in  any  lai^e 
and  general  way  endured  the  commercial  test  as  to  their  fitness. 
There  is  neither  doubt  or  uncertainty  as  to  the  manner  in  which 
phosphatic  fertilizers  have  sustained  that  test,  for  the  demand  for 
phosphates  has  increased  continually.  But,  after  long-continued  and 
persistent  efforts,  no  market  has  yet  been  found  for  the  Stassfurt  fer- 
tilizers which  can  be  compared  with  that  for  the  phosphates.  It  is 
said,  however,  that  the  objection  that  potash  salts,  and  other  siiline 
fertilizers,  when  applied  to  beets,  are  apt  to  diminish  the  yield  of 
sugar,  has  been  done  away  with  by  cultivating  improved  kinds  of 
beets  which  are  able  to  bear  much  larger  dressings  of  saline  fertili- 
zers than  could  safely  have  been  applied  formerly.     (Maercker.) 

It  is  on  poor  land,  and  especially  upon  moor-land  and  upon 
light  sandy  soils  that  potash  salts  have  done  their  best  service. 
Very  striking  instances  of  their  economic  value  are  afforded  by 
Schultz's  experience  with  lupines,  which  continhally  gave  good 
crops  on  poor  land  when  dressed  with  kainit  and  with  no  other 
manure.  So  too  in  respect  to  peas  and  clover,  which  Schultz 
found  to  be  somewhat  grateful  for  phosphates  on  his  cold,  dry 
sandy  soil,  but  which  immediately  developed  great  masses  of  stems 
and  leaves  —  at  the  expense  of  flowers  and  seeds  —  when  the  land 
was  heavily  dressed  with  kainit. 

Ashes  better  than  Potash  Salts. 

In  one  word,  experience  has  proved  that  the  Stassfuit  fertilizers, 
used  as  such,  are  decidedly  inferior  to  wood-ashes.  The  explana- 
tion seems  to  be,  that  the  sulphate  and  the  chloride  are  devoid  of 
tb«  alkaline  quality  which  is  so  marked  a  peculiarity  of  carbonate 
of  potash,  which,  as  is  well  known,  is  the  effective  agent  in  wood* 
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ashes.  And,  in  point  of  fact,  European  experience  has  shown 
that  the  Stassfuiii  salts  commonly  do  their  best  work  when  they 
are  applied  to  marled  land,  or  when  they  are  used  in  conjunction 
with  lime,  in  which  event  a  certain  quantity  of  alkaline  bicarbonate 
of  potash  would  be  formed  by  the  reaction  of  bicarbonate  of  lime 
on  the  chloride  or  the  sulphate,  as  has  been  explained  under  Com- 
posts. 

Undoubtedly  there  is  still  much  to  be  learned  as  to  the  best 
ways  of  using  both  sulphate  and  muriate  of  potash ;  but  it  will  be 
well  meanwhile  to  act  upon  this  liipe  hint,  and  to  study  the  plan 
of  making  composts  with  peat  and  a  mixture  of  lime  and  muriate 
of  potash,  as  has  been  suggested  already.  It  may  be  true  withal, 
that  small  additions  of  potash  salts  and  other  fertilizers  to  barn- 
yard-manure, used  in  half  its  usual  quantity,  may  be  for  certain 
crops  an  economical  mode  of  application.  The  lack  of  profit 
above  mentioned  was  in  cases  where  potash  salts  were  used,  either 
by  themselves,  or  in  con  junction  with  other  commercial  fertilizers. 

It  needs  to  be  said,  however,  that,  when  a  mixture  of  lime  and 
muriate  of  potash  is  used,  there  wUl  naturally  be  produced  more 
or  less  chloride  of  calcium,  which  is  hurtful  to  some  plants,  and 
which,  as  Mayer  has  urged,  may  *^  bind  "  the  land  in  some  cases. 
It  has  not  yet  been  determined  whether  this  particular  form  of 
binding  would  always  be  hurtful  for  all  kinds  of  soils.  This  is  a 
point  which  might  well  have  been  talked  about  with  those  old 
farmers  who  formerly  made  and  used  composts  with  lime  and  salt. 
The  binding  could  perhaps  be  avoided  by  applying  the  mixed  fer- 
tilizers in  autumn,  for  spring  crops,  and  so  giving  time  for  the 
chloride  of  calcium  to  leach  out  of  the  land.  It  is  not  at  all  clear 
that  this  binding  may  not  be  due  to  bicarbonate  of  potash  formed 
in  the  soil  by  the  reaction  of  the  potassium  chloride  with  limestone 
and  carbonic  acid.  Indeed,  it  is  probable  enough  that  the  good 
effect  of  kainit  on  some  sandy  soils  that  have  been  marled  —  as 
proclaimed  by  Schultz  at  Lupitz,  for  example  —  may  depend,  in 
good  part,  on  a  mechanical  improvement  of  the  soil,  by  the  action 
of  potassium  bicarbonate,  whereby  the  power  of  the  land  to  hold 
and  to  lift  water  has  been  increased.  Compare  the  heading 
*^  Action  of  salt  and  lime  in  soils,"  in  the  Chapter  on  Sodium  Com* 
pounds. 

SulpTuUe  of  Potash  may  react  well  upon  the  Soil. 

Heiden  has  argued  in  a  somewhat  similar  way,  that  sulphate  of 
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potash  may  perhaps  generally  do  better  service  tlian  the  chloride, 
because  it  produces  a  better  class  of  compounds  than  the  latter  hy 
reacting  on  the  soil.     Such  useful  compounds  as  gypsum  and  sul- 
phate of  magnesia  may  be  produced  when  sulphate  of  potash  acts 
upon  loam,  while  from  the  action  of  chloride  of  potassium  come 
the  chlorides  of  calcium  and  of  magnesium,  which  may  readily  do 
harm  to  plants.     In  this  sense,  it  might  be  said  therefore,  even 
of  the  sulphates  of  low  grades,  that,  in  spite  of  their  being  con- 
taminated with  chlorides,  they  are  comparatively  speaking  meri- 
torious, and  somewhat  in  propprtion  as  the  amount  of  sulphate 
of  potash  contained  in  them  is  larger.     There  is  withal  a  good  deal 
of  field  experience  which  goes  to  support  the  view  that  the  low- 
grade  sulphates  are  on  the  whole  better  than  the  mere  chlorides. 
They  lend  themselves  to  a  plan,  commonly  practised  in  Europe, 
of  applying  cheap,  low-grade  potash  salts  to  such  crops  in  a  rota- 
tion as  do  not  suffer  from  the  presence  of  chlorides.     Thus,  when 
a  generous  dressing  of  kainit  is  applied  to  oats,  this  particular 
crop  is  helped,  and  the  soil  is  at  the  same  time  charged  with  pot- 
ash and  left  in  fit  condition  for  the  subsequent  growth  of  potatoes 
or  sugar-beets.     By  the  time  when  the  potatoes,  or  beets,  or  what 
not,  are  to  be  planted,  most  of  the  chlorides  of  the  fertilizer  will 
have  been  washed  out  from  the  land,  or,  at  the  least,  have  been 
carried  down  into  the  subsoil ;  and  it  is  to  be  noted  that  the  maxi- 
mum of  time  for  the  leaching  process  may  be  gained  by  applying 
the  kainit  the  autumn  before  the  oats  are  to  be  sown. 

The  fact  that  a  comparatively  pure  juice  may  be  obtained  from 
sugar-beets  fertilized  with  sulphate  of  potash,  but  ndt  from  those 
dressed  with  muriate  of  potash,  is  supported,  curiously  enough,  by 
observations  made  by  Hilgard  in  California,  whence  it  appears 
that  satisfactory  yields  of  sugar  may  be  obtained  from  beets 
grown  in  soils  which  contain  appreciable  quantities  of  sulphate  of 
soda,  while  the  beet- juice  is  practically  worthless  when  taken  from 
soils  which  are  contaminated  with  common  salt.  Loew  has  sug- 
gested that  the  action  of  carbonate  or  bicarbonate  of  lime  in  the 
soil  to  change  the  ms^esium  chloride  in  the  fertilizer  to  carbon- 
ate of  magnesia  will  be  another  advantage  gained  by  applying 
kainit  in  the  autumn. 

Muriate  of  Potash  diffuses  tolerably  easily. 

There  is  one  advantage  to  be  credited  to  the  chloride,  however, 
in  that  it  diffuses  in  the  soil  rather  better  than  the  sulphate.     Pot- 
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ash  is  so  readily  fixed  by  the  doable  silicates  and  humates  in  loam, 
that  it  is  not  easy  to  secure  a  proper  dissemination  of  the  potassic 
fertilizci-s.  No  matter  how  deeply  they  may  be  ploughed  under 
or  harrowed  in,  the  potash  is  apt  to  be  absorbed  and  held  at  pre- 
cisely those  spots  where  the  particles  of  the  fertilizer  first  came  in 
contact  with  the  earth.  But  this  is  a  great  disadvantage  in  many 
cases,  especially  where  it  is  desired  to  manure  the  subsoil  evenly, 
in  anticipation  of  growing  deep-rooted  crops  like  sugar-beets  or 
clover. 

Experiments  have  shown  that  the  potash  in  the  chloride  is  fixed 
decidedly  less  easily  and  less  rapidly  than  that  in  the  sulphate,  so 
that  a  better  diffusion  may  be  had  by  means  of  it.  Unfortunately, 
the  chloride  is  not  applicable  for  the  growth  of  sugar-beets.  But 
the  crystalline  double  sulphate  of  potash  and  magnesia,  already 
mentioned,  appears  to  be  able  to  diffuse  potash  in  the  soil  even 
better  than  the  chloride.  It  is,  moreover,  a  pure  substance,  free 
from  chlorides,  and  on  this  account  specially  worthy  the  attention 
of  beet-root  and  tobacco-growers.  In  such  cases  as  this,  and 
when  mixtures  of  Stassfurt  salts  and  lime  are  used,  the  fertilizer 
will  naturally  be  applied  in  autumn,  so  that  considerable  time  may 
elapse  before  any  crop  is  to  be  sown  or  planted. 

In  order  to  aid  the  distribution  of  the  potash,  it  is  well  to  plough 
under  the  Stassfurt  salts  immediately  after  they  have  been  strewn. 
Experiments  on  the  Diffusing  of  Potash. 

Treutler  has  made  an  extended  study  of  the  question  how  best 
to  hinder  or  counteract  the  fixation  of  potash  by  the  soil,  so  that 
this  fertilizer  may  be  made  to  diffuse  itself  into  the  subsoil  and 
through  all  parts  of  the  standing-room  of  crops.  He  found  that 
bone-meal  exerted  a  decided  influence  to  hinder  the  fixation  by  the 
soil  of  the  potash  in  sulphate,  carbonate,  nitrate,  or  chloride  of 
potassium ;  and  that  several  other  fertilizers  had  some  power  to 
hinder  the  fixation  of  potash.  Several  saline  fertilizers  decidedly 
hindered  the  fixation  of  potash  from  carbonate  of  potash  in  par- 
ticular. Farmyard- manures  of  various  kinds  hindered  the  fixation 
of  potash  from  the  sulphate  and  the  chloride,  while  they  increased 
the  fixation  as  regards  carbonate  and  nitrate  of  potash. 

Next  to  bone-meal,  humus  seemed  to  have  the  most  marked 
solvent  action  when  used  with  sulphate  or  with  chloride  of  potas- 
HJum,  but  it  increased  the  fixation  decidedly  as  regards  carbonate 
of  potash,  and  slightly  as  regards  nitrate  of  potash.     A  mixture 
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of  humiis  and  carbonate  of  ammonia  had  in  general  less  solvent 
action  than  humus  alone,  or  even  than  carbonate  of  ammonia  l>y 
itself.  Carbonic-acid  water  did  not  exhibit  much  solvent  action, 
perhaps  because  the  carbonic  acid  speedily  escaped  from  it  on 
coming  into  contact  with  the  soil. 

Nitrate  of  soda,  used  in  conjunction  with  sulphate,  carbonate, 
or  nitrate  of  potash,  increased  the  diffusion  of  the  potash  appreci- 
ably, but  it  did  not  do  so  when  used  with  chloride  of  potassinm. 
Gypsum,  Epsom  salt,  and  especially  superphosphate  of  lime,  had 
some  solvent  action,  excepting  when  used  with  nitrate  of  potash. 
But  chloride  of  sodium  exhibited  very  little  solvent  action  in  any 
case. 

The  fixation  of  potash  from  chloride  of  potassium  was  hindered 
by  bone-meal,  humus,  manures,  dung-liquor,  carbonate  of  ammo- 
nia, superphosphate,  gypsum,  Epsom  salt,  and  carbonic^acid  water. 
Indeed,  with  the  exception  of  common  salt  and  nitrate  of  soda, 
all  the  substances  tried  by  Trentler  promoted  the  diffusion  in  the 
soil  of  the  potash  in  chloride  of  potassium.  It  was  noticed,  as 
had  been  done  before  by  other  observers,  that  in  general  the  fixa- 
tion of  potash  from  a  solution  of  the  chloride  is  less  complete  than 
it  is  from  the  sulphate  and  carbonate,  or  even  from  the  nitrate. 
Prdctical  Rules  for  applying  Potash  Salts. 

In  default  of  any  extended  practical  experience  with  the  Stass- 
f urt  fertilizers,  and  their  known  inability  to  repay  an  immediate 
money  profit  in  most  cases,  it  will  probably  be  well  not  to  apply 
large  quantities  of  them  at  any  one  time.  The  amount  that  a  care- 
ful laborer  would  naturally  scatter  from  his  hand  when  sowing  one 
of  these  salts  upon  a  field  would  probably  be  a  useful  application 
to  that  crop  in  a  rotation  which  stands  in  special  need  of  potash. 

In  general,  it  may  be  said  that  potassie  fertilizers,  used  judi- 
ciously, have  approved  themselves  on  many  poor  sandy  and  peaty 
soils  —  though  by  no  means  on  all  sands — as  appropriate  dress- 
ings for  clover,  peas,  lupines,  beets  and  potatoes.  For  such  lands, 
some  400  to  500  lb.  of  kainit  to  the  acre  have  been  recommended. 

It  appears  that  the  muriate  is  often  applied  at  the  rate  of  125 
to  250  lb.  to  the  acre,  and  kainit  at  the  rate  of  700  to  900  lb., 
usually  in  conjunction  with  other  fertilizers.  They  should  be 
ploughed  under.  German  dealers  in  fertilizers  recommend  that 
muriate  of  potash  should  be  applied  to  heavy  soils  in  autumn,  and 
to  light  or  sandy  soils  in  early  spring. 
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Helden  has  argued  that  for  sugar-beets,  from  350  to  550  lb.  of 
the  double  sulphate  of  magnesia  and  potash,  or  from  175  to  250 
lb.  of  true  sulphate  of  potash,  may  be  applied  to  the  acre.  For 
potatoes,  he  recommends  from  250  to  550  lb.  of  the  sulphate  of 
magnesia  and  potash,  or  from  135  to  250  lb.  of  sulphate  of  potash ; 
while  for  mangolds  the  cheaper  muriate  of  potash  may  be  used, 
at  the  rate  of  from  200  to  400  lb.  to  the  acre.  For  lupines,  clover 
and  flax,  he  suggests  from  850  to  550  lb.  of  the  80  ^  muriate  to 
the  acre. 

As  regards  the  profitable  use  of  potash  salts  for  fertilizing  pota^ 
toes,  Bretschneider  has  insisted  that,  although  much  depends  upon 
the  mode  of  their  application,  moderate  dressings  of  the  Stassfurt 
fertilizers  are  decidedly  useful.  In  so  far  as  mere  increase  of  crop 
is  concerned,  he  holds  that  it  does  not  much  matter  whether  the 
fertilizer  is  used  in  the  form  of  a  sulphate  or  of  a  chloride,  pro- 
vided as  much  potash  is  applied  to  the  land  in  the  one  case  as  in 
the  other.  He  urges  that  potash  salts  should  be  strewn  broadcast 
after  the  land  has  been  harrowed  flat,  and  then  be  worked  in  slightly 
with  a  smoothing  harrow  before  any  furrows  are  drawn,  or  drills 
marked  out  for  the  reception  of  the  seed.  By  proceeding  in  this 
way  an  increase  of  crop  may  confidently  be  looked  for.  Experi- 
ments upon  potatoes  by  Magerstein  also  go  to  show  that  this  plant 
needs  potash  in  the  earliest  stages  of  growth.  He  urges  that  for 
potatoes,  potassic  fertilizers  should  be  applied  to  the  land  some 
time  before  the  sets  are  to  be  planted,  and  that  the  fertilizer  should 
be  strewn  evenly  and  worked  into  the  soil  deeply  and  thoroughly. 
Harm  from  Saline  Manures. 

On  the  other  hand,  potash  salts  should  never  be  put  into  the 
hills  where  they  might  come  in  contact  with  the  seed  potatoes,  nor 
l»e  strewn  in  the  furrows,  since  they  are  apt  to  hinder  the  sprout- 
iog  of  the  seed  and  to  destroy  the  yoang  sprouts.  Nor  should 
the  salt  be  strewn  as  a  top-dressing,  for  in  this  case  much  of  the 
fertilizer  would  be  left  where  the  rootlets  can  have  no  proper 
Recess  to  it.  Both  for  potatoes  and  for  beets,  it  is  well  to  apply 
muriate  of  potash  to  the  land  during  the  autumn  before  planting, 
or  to  apply  it  for  fertilizing  the  previous  crop.  Under  the  head  of 
Soda,  it  will  be  seen  that  many  plants  can  bear  an  application  of 
common  salt  or  of  sea-water  when  mature  which  would  kill  them 
if  they  were  young.  The  same  remark  is  true  of  the  Stassfurt 
salts,  especially,  it  would  appear,  of  the  munate ;  and  it  has  some- 
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times  been  recommended  that,  in  applying  this  compound  to  root- 
crops,  it  should  be  worked  into  the  soil  at  the  time  of  the  firet  or 
second  hoeing,  in  order  to  be  sure  that  none  of  it  can  come  into 
contact  with  the  young  plants.  In  any  event,  however,  there  is  a 
certain  amount  of  risk  in  applying  saline  manures  to  growing  crops. 
Voelcker,  in  speaking  of  potatoes,  has  said,  ^'  I  am  more  aad 
more  constrained  to  look  upon  all  very  soluble  saline  manures  as 
rather  dangerous  agents,  for  I  have  noticed,  over  and  over  again , 
the  injury  which  these  kinds  of  fertilizers  produce  in  dry  seasons, 
especially  if  they  are  applied  rather  late  in  the  spring.  Unless  com- 
mon salt  or  potash  salts  can  be  applied  to  the  land  quite  early,  or, 
at  all  events,  not  later  than  the  beginning  of  March,  I  believe  it 
would  be  better,  in  9  seasons  out  of  10,  not  to  make  any  use  of 
these  very  soluble  matters,  which  require  to  be  thoroughly  washed 
into  the  soil  if  they  are  to  benefit  the  crops  for  which  they  are 
used."  As  has  been  said  already,  this  remark  is  particularly  true 
of  chlorides,  which  are  much  more  apt  to  do  harm  than  the  sul- 
phates are.     (Schuebler.) 

Mr.  Gregoi7  remarks  that  he  has  found  it  dangerous  to  apply 
kainit  in  the  hill  where  small  seeds,  such  as  those  of  the  cabbage, 
are  to  be  planted.  It  is  better,  he  says,  to  spread  the  fertilizer 
around  the  plants  just  before  their  second  hoeing.  This  subject 
of  the  injury  done  to  crops  by  saline  fertilizers  will  be  treated  of 
more  at  length  under  Sodium  Chloride. 

According  to  Maercker,  the  results  of  German  experience  teach 
that  there  is  no  use  in  applying  kainit  as  a  top-dressing  to  old 
meadows  situated  on  rich  marsh-land,  or  to  those  the  soil  of  which 
consists  of  loamy  sand,  poor  in  lime.  But  it  is  none  the  less  true 
that  in  the  great  majority  of  instances,  where  kainit  has  been  ap- 
plied to  old  mowing-fields  in  that  country,  useful  results  have  been 
obtained,  provided  of  cx)urse  the  land  was  moist  enough  for  the 
profitable  production  of  grass.  Particularly  good  results  were 
obtained  on  meadows  the  soils  of  which  were  composed  of  sand, 
peat,  or  moor-earth,  and  of  sandy  loam.  Usually,  the  yield  of  hay 
was  increased  by  the  kainit,  and  often  to  a  notable  extent,  though 
sometimes  only  the  aftermath  was  improved.  The  destruction  of 
moss  was  a  frequent  gain,  and  occasionally  it  happened  that  bet- 
ter kinds  of  grasses,  or  clover,  appeared  upon  the  fields.  Gener- 
ally speaking,  good  results  were  obtained  when  the  kainit  was 
applied  at  rates  ranging  from  350  to  600  lb.  to  the  acre,  but  it 
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often  failed  to  serve  any  useful  purpose  on  mowing-fields  when 
applied  in  quantities  as  small  at  175  lb.  to  the  acre  or  as  large  as 
700  lb.  For  the  region  in  question,  it  appeared  to  be  best  to 
apply  kainit  to  mowing-fields  either  in  November  or  February. 
Frequent  failures  attended  the  application  of  it  in  October,  March, 
and  April. 

On  some  German  moor-lands,  continued  applications  of  kainit 
have  been  found  to  be  hurtful,  apparently  by  hindering  nitrifica- 
tion; perhaps  also  the  presence  of  magnesium  salts  may  have 
done  harm  to  the  crop  itself. 

Multitudes  of  field  experiments  with  potash  salts  have  been  re- 
ported in  the  German  journals,  and  the  results  of  them  vaiy  not  a 
little.  The  following  table  of  results  obtained  by  Stoeckhardt 
may  serve  in  some  sort  as  an  epitome  of  the  matter.  The  ferti- 
lizers were  applied  in  this  case  to  potatoes  on  worn-out  land.  It 
was  a  light,  sandy  soil  charged  with  humus.  Tubers  were  har- 
vested from  1 J  acres  of  land  as  follows,  in  German  pounds :  — 

Weight  of  Crop.    Per  C«nt  of  Starch. 


600  lb.  nitrate  of  potassium     .    . 

.    .    12,340 

23.0 

**      sulphate          "              .    . 

.     .     11,150 

21.6 

'*       carbonate        "              .    . 

.    .     10,720 

24.2 

««      chloride          "              .    . 

.     .      8,850 

20.6 

«*       tartrate           "              .    . 

.    .      6,640 

24.0 

"       phosphate       **              .    . 

.    .      5,950 

24.0 

No  manure 

.      4,840 

23.2 

600  lb.  silicate  of  potassium    .     .    . 

8191     . 

Clilorides  hinder  Tobacco  from  Burning. 
The  objection  to  chloride  of  potassium  as  a  manure  for  tobacco 
depends  upon  the  fact  that  leaves  of  this  plant  which  have  been 
grown  upon  land  rich  in  chlorides  are  apt  not  to  burn  readily  when 
dry,  apparently  because  the  easily  fusible  chloride  of  calcium  ac- 
cumulates in  the  leaves  and,  by  melting  when  the  tobacco  is 
burned,  covers  the  carbon  particles  and  shields  them  from  the  air. 
As  A.  Mayer  has  urged,  phosphates  (as  well  as  borates)  would 
interfere  with  the  combustion  of  tobacco  even  more  decidedly  than 
chlonde  of  calcium,  because  of  their  ready  fusibility.  Mayer 
found  that  chloride  of  potassium  by  itself  does  not  hinder  tobacco 
from  burning,  though  chloride  of  sodium  does  somewhat.  Indeed, 
tobacco-leaves  soaked  in  a  solution  of  chloride  of  potassium  and 
then  dried  burned  the  better  for  the  addition. 


'  lu  thiB  caae  the  plants  were  diitreased. 
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According  to  Mayer,  the  prejudice  which  has  existed  for  some 
years  against  chlorides  iu  tobacco  manures  needs  to  be  modified 
somewhat.  "We  would  come  nearer  the  truth,"  he  argues,  **  if 
we  were  to  say,  The  more  ashes  there  are  in  a  tobacco  and  the 
more  potash  there  is  in  these  ashes,  and  the  smaller  the  amoant  of 
non-volatile  acids  in  combination  with  the  potash,  so  much  the 
better  will  the  tobacco  bum.  The  more  phosphate  and  lime  in  a 
tobacco,  so  much  the  worse  for  its  combustibility.  The  presence 
of  much  chloride  of  calcium  or  of  sulphate  of  lime  has  an  unfavor- 
able influence  also." 

Nessler  also  admits  that  the  ability  of  tobacco-leaves  to  hold 
fire  IB  apt  to  be  considerably  influenced  by  other  ash-ingredients 
beside  chlorides  as  well  as  by  certain  organic  matters,  such  for 
example  as  the  difficultly  combustiMe  fats  and  albuminoids.  Since 
some  of  these  organic  matters  disappear  during  the  fermentationa 
which  occur  when  tobacco  is  cured  and  stored,  many  kinds  of  to- 
bacco are  improved  as  to  their  combustibility  by  keeping,  though 
there  are  other  kinds  which  are  not  improved.  It  is  to  be  pre- 
sumed, however,  that  those  tobaccos  which  are  not  susceptible  of 
improvement  must  be  rich  in  chlorine  and  poor  in  potash,  while 
the  samples  which  improve  on  keeping  probably  contain  much 
potash  in  proportion  to  the  amount  of  chlorine,  and  need  only  to 
be  freed  from  the  non-combustible  organic  matter  in  order  that 
they  may  burn  freely. 

Nessler  has  concluded  as  a  result  of  his  examination  of  46 
samples  of  tobacco  from  different  parts  of  Baden,  which  had  been 
grown  on  soils  of  various  characters,  that  the  more  potash  and  the 
less  chlorine  a  leaf  contains  the  longer  will  it  continue  to  burn 
when  lighted,  and  that  the  higher  the  proportion  of  the  potash  is 
so  much  the  more  chlorine  may  be  present  without  seriously  affect- 
ing the  combustibility  of  the  tobacco.  So  too,  the  less  chloiine 
there  is  in  a  leaf  the  less  potash  is  necessary  to  ensure  ready  com- 
bustibility. He  concludes  that  tobacco  which  is  to  be  used  for 
cigars  should  contain  at  least  6  times  as  much  potash  as  chlorine, 
and  that  no  tobacco  which  contains  less  than  2.5  %  of  potash  will 
burn  well  if  there  is  present  in  it  more  than  0.4  %  of  chlorine. 
As  an  example,  he  cites  the  case  of  a  Sumatra  leaf  containing 
0.64-0.78  %  of  chlorine  and  5  %  of  potash,  which  burned  very 
well,  while  a  tobacco  with  0.4  %  of  chlorine  and  8  %  of  potash 
burned  badly. 
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Some  of  the  older  experiments  which  illustrate  the  bad  effect 
of  chlorides  are  given  in  the  following  tables.  Nessler,  for  ex- 
ample, watered  a  number  of  individual  tobacco-plants,  at  the  end 
of  July,  with  solutions  containing  each  15  grams  of  the  salt  to  be 
examined.  The  plants  were  growing  in  fields  in  two  different 
townships.  After  the  harvest  the  leaves  were  analyzed,  and 
tested  as  to  their  power  of  holding  fire :  — 


EXPEBIMENTS  IN  CABU3BT7H& 


Kind  Of 
Tobacco. 

MarylMid. 


JaTa. 


Nvremborg. 


Qnndi. 


The 
Kind  of  FortUisor       LeaTes 
aaed.  glimmered 


100  Parte  of  the  Leayee 
contained 
Carbonate     Ohio- 
of  Potaah.      rlne. 


Water. 


Noi 

Chloride  of  potaniom 
Salpbate  " 

Nitrate  *• 

No  manitte 

Cadoride  of  potawlnm 
Solphate  ** 

Nitrate  " 

Nomanare 

Chloride  of  potaniom 

Salphate 

Nitrate 


» 
9 
43 
02 
48 
20 
67 
81 
9 
14 
16 
81 


80.8 
28.0 


82.6 
80.4 
28.2 

88.0 
25.7 
21.1 


0.88 
1.10 


0.88 
0.37 
0.64 

0.20 
1.40 
1.06 


1.14 
0.48 


L42 
0.71 
0.71 

1.68 
1.66 
0.48 
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19.0 
18  9 
17.2 


16.0 


0.60 
0.42 
1.67 


1.83 


2.18 
1.60 
2.90 


1.24 


12 
14 
14 


U 


Nomannre 8 

Chloride  of  potaMiom  .  .  6 
"  Salphate  *'        ...    81 

••  Nitrate  '*        ...    45 

*<  664  kiloe.  potaih  snperphoa- 

phate  and  2,180  kiloe.  wool- 

doet  to  the  hectare  ...  19 
«  83  wagona  farm-roannre  and 

800   kiloe.   potash    snper- 

phoephato 22 

"  82  wagons  farm-manore  and 

80,400  Utres  danf|^Jlqaor  .  17 
••  26  wagons  farm-manure  and 

19,300  Utres  dang-liqaor  .  7 
«<  15  wagons  f arm4naanre  and 

16  wagons  night>soil  .  .  173 
"  40  wagons  farm-manure  to 

thehectare 8 

It  apx)ears  that,  with  one  exception,  the  application  of  chloride 
of  potassium  diminished  the  combustibility  of  the  tobacco.  One  of 
the  most  remarkable  results  is  the  last  item  but  one  in  the  table, 
for  night-soil  usually  contains  a  considerable  proportion  of  chlo- 
rides, and  is  thought  to  be  apt  to  injure  the  combustibility  of  to- 
bacco. It  occuned  to  Nessler  that,  in  this  instance,  the  preceding 
crop  (mangolds)  might  have  taken  up  a  great  quantity  of  chlorides 


18.7 

2.80 

1.40 

14 

18.8 

8.80 

1.86 

16 

18.0 

2.90 

1.49 

12 

19.9 

8.22 

0.71 

13 

28.1 

1.84 

2.60 

15 
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from  the  field,  and  that  the  land  might  thus  have  been  freed  from 
them ;  and,  on  subjecting  this  idea  to  the  tests  of  experiment  and 
observation,  it  was  seen  to  be  true. 

Ways  of  Avoiding  CJUorides, 

In  one  instance  it  appeared  that  a  crop  of  mangolds,  grown  on 
land  charged  with  chlorides,  took  off  in  the  roots  52  kilos,  of  chlo- 
rine from  a  hectare,  and  176  kilos,  of  potash;  and  in  the  leaves, 
13  kilos,  of  chlorine  and  10  kilos,  of  potash.     It  appears,  indeed, 
that  several  crops  may  be  useful  forerunners  of  tobacco  on  this 
account.     Tobacco  itself  is  perhaps  the  best  of  these  cleansing 
crops,  but  stubble  turnips  are  good,  provided  the  leaves  as  well 
as  the  roots  are  carried  off  from  the  land.     Oats  and  vetches  also 
(sown  as  meslin)  take  up  much  chlorine,  and  a  smaller  propoilion 
of  potash  than  of  chlorine.     Either  of  these  crops  might  serve  to 
remove  chlorides  from  soils  which  had  become  unduly  charged 
therewith  by  improper  methods  of  fertilization,  and  so  might  crim- 
son (annual)  clover,  gi*ain-crops,  hemp  and  rape.     In  case  the 
land  were  to  be  heavily  dressed  with  potash  salts  free  from  chlo- 
rine, even  fodder-corn  (maize) ,  sugar-beets,  red  clover  or  lucern 
might  be  grown  before  tobacco,  though  there  is  a  certain  objection 
to  these  crops,  in  that  they  take  up  very  lai^e  quantities  of  potash 
in  proportion  to  the  amount  of  chlorine  taken.     In  case  potatoes, 
sugar-beets  or  chicory,  which  contain  from  10  to  20  times  as  much 
potash  as  chlorine,  were  to  be  sold  off  a  farm,  much  potash  would 
be  removed  from  the  soil,  while  much  chlorine  might  be  retained 
in  the  leaves,  which  would  naturally  be  used  on  the  farm  either  as 
fodder  or  as  manure.     Hence  neither  of  these  crops  is  to  be  com- 
mended on  a   tobacco-farm,  unless,  indeed,  they  are  fertilized 
with  potassic  manures  of  kinds  that  are  free  from  chlorine. 

Among  the  earliest  systematic  experiments  relating  to  the  influ- 
ence of  chlorides  and  of  potash  on  the  combustibility  of  tobacco, 
were  those  of  Schloesing,  which  are  given  in  the  following  Uiblc. 
They  were  made  on  poor  sandy  soil  that  was  somewhat  calcareous, 
and  clayey  enough  also  to  be  somewhat  tenacious.  The  soil  con- 
tained very  little  chlorine,  sulphuric  acid,  or  potash.  One  interest- 
ing point  which  these  experiments  illustrate  is,  that  while  sulphate 
of  potash  gives  much  potash  to  the  plants,  very  little  sulphuric 
acid  is  taken  up  by  them.  The  result  is  similar  to  that  obtained 
by  Boussingault  in  his  experiments  with  gypsum. 
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100  Puts  of  the  LeaTes,  eontalniiifc  10 %    rumKn*MK{iiHr  m 
Ko.      KUO0.  of  Fflrtiliaer         of  Molstnn,  eoDteined  Fkrto  of        rw^^«fr^%« 
Flol.         totheHectare.  p^^  ^^    M^   Si^h.  C^  Cigar. jmf^^rom the 

1    Noiiy«™ 1.04       7.78       0.90       0.90       0.70  { ^Jff  ^^i^W  S^^^^^^ 

^  ^•^S.Sf p2rt  ""^   I  <>•«     '^•'«     <>•«     ^-^     ®» 

8  eoendpHateofpoluh  2.06  6.68  0.78  O.OT  0.48  { B^^J^SS^S: 

4  670  chloride  of  pota«lum     1.74  7.17  0.73  0.87  IM  {  ®"§a  L^l'mtonto!*' 

6  773  nltnte  of  poCaih  2.13  6.26  0.64  0.79  0.38    Readily  eombtuttble. 

6  266  carbonate  of  poCaah  1.66  7.34  ....  0.96  0.44  {  ^"jjj'^^»  ^^•'^  *" 

7  630         "  «<  2.24  6.24  0.65  0.84  0.42 

8  1,060      "                 "  2.60  6.61  ....  1.05  0.64   Readily  eombnstible. 
0  432  chloride  of  ealdiim     .1.16  8.47  0.OT  0.86  1.77 1  A^lutely  incombuB- 

10  213  chloride  magnealnm      0.82       8.28       1.09       0.77       1.68  **  " 

11  SOOdlicateofpotadi  1.30       7.74       0.92       0.98       .•••  {Se"fflliTSto^^ 

12  1,000    "  *'  LOO       7.44       0.78       1.04       0.60    Paaaably  oomboBtible. 

It  will  be  noticed  that  the  plots  1,  2,  9  and  10,  to  which  no  pot- 
ash was  applied,  all  gave  bad  burning  tobacco ;  that  those  treated 
with  chlorides,  4,  9  and  10,  gave  tobacco  that  contained  three 
times  as  much  chlorine  as  the  others,  showing  that  this  element  is 
easily  assimilated ;  and  that  the  tobacco  which  contained  this  large 
proportion  of  chlorine  burned  badly. 

Best  Manure  for  Tobacco. 

For  the  reasons  above  stated,  and  from  the  results  of  practical 
experience,  Nessler  argues  that,  for  growing  tobacco,  farmyard- 
manure  cannot  well  be  replaced  by  artificial  fertilizers,  although 
the  action  of  the  manure  may  be  improved  by  the  addition  of  the 
artificials.  In  order  to  be  fit  for  use  on  tobacco,  a  manure  should 
contain  at  least  600  lb.  of  potash  for  every  100  lb.  of  chlorine.  It 
will  be  less  and  less  suitable  according  as  the  proportion  of  chlo- 
rine is  larger.  Night-soil  is  by  far  the  worst  of  the  so-called  nat- 
ural manures,  since  it  contains  no  more  than  40  lb.  of  potash  for 
each  100  lb.  of  chlorine.  Even  kainit  contains  50  lb.  of  potash  for 
100  lb.  of  chlorine. 

Good  cow-manure,  from  farms  not  manured  with  fertilizers  that 
contain  chlorine,  is  excellent  for  tobacco,  but  horse-manure  is  not 
so  good  as  cow-manure.  Neither  the  dung  of  sheep  nor  of  swine  is 
to  be  commended.  Liquid  manure,  i.  e.  the  drainings  of  dung- 
heaps,  which  in  some  parts  of  Europe  is  largely  used  upon  tobacco, 
may  vary  widely  as  to  the  amounts  of  chlorine  and  potash  which 
are  contained  in  it,  according  to  the  character  of  the  fodder  eaten 
by  the  animals,  and  as  to  whether  or  not  they  are  given  salt  to  eat. 
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Nessler  noticed  that  far  each  100  lb.  of  chlorine  the  quantity  of 
potash  in  liquid  manure  varied  from  182  lb.  to  917  lb.  He  cona- 
mends  it  as  a  good  manure  for  (obacoo,  in  case  it  is  act  but- 
charged  with  chlorine  and  is  ploughed  under  before  the  crop  is 
planted ;  but  if  it  were  to  be  applied  to  growing  plants  of  some 
size,  it  would  be  apt  to  retard  the  ripening  of  the  crop  and  to  make 
the  leaves  "  spongy." 

Ordinarily,  neither  kalnit,  camallite,  nor  any  other  of  the  Stass- 
furt  compounds  which  contains  much  common  salt,  should  be  used 
upon  a  tobacco- farm,  since  they  woald  tend  to  charge  the  forage 
with  chlorides,  and  conaequeotly  the  manure  produced  upon  the 
farm»  Nessler  recommends  applieatioufl  of  1,000  to  1,400  kilos, 
of  wood-ashes  to  the  hectare,  or  200  to  400  kilos,  of  sulphate  of 
potash,  to  be  applied  in  the  spring  to  medium  soils,  but  to  be 
ploughed  under  in  the  autumn  if  the  soil  is  deep.  In  the  springy 
there  may  be  applied  also,  before  planting,  if  the  land  has  not 
already  been  too  heavQy  dunged,  from  150  to  200  kilos,  of  nitrate 
of  soda  to  the  hectare. 

As  a  rule,  nitrate  of  soda  should  not  be  applied  to  tobacco  wbOe 
the  plants  are  growing,  lest  it  hinder  the  ripening,  though  in  case 
it  should  happen  that  all  nitrates  are  washed  out  from  the  land  by 
persistent  rains  in  early  summer — as  is  shown  by  the  plants  ceas- 
ing to  grow,  and  losing  their  dark  green  color — it  may  be  well  to 
strew  upon  the  land  100  to  150  kilos,  of  nitrate  of  soda  to  the  hec- 
tare, provided,  however,  that  the  plants  have  not  yet  got  to  be  large. 

The  double  sulphate  of  magnesia  and  potash  maybe  used  instead 
of  the  simple  sulphate,  and  it  is  to  be  noted  that  on  light  sandy 
soils  it  might  sometimes  be  practicable  to  use  even  muriate  of  pot- 
ash, if  it  were  applied  not  directly  to  the  tobacco  but  to  a  prelim- 
inary forage  crop,  for  from  such  soils  chlorine  is  washed  out  by 
rain-water  so  much  more  rapidly  than  potash  is,  that  not  enough 
chlorine  to  do  much  harm  is  left  in  the  soil. 

Nessler  found  as  a  rule  that  while  tobacco  grown  on  sandy  land 
contains  as  much  potash  as  that  grown  on  heavy  land,  it  contains 
much  less  chlorine.  On  the  average  of  his  experiments,  tobacco 
from  sandy  land  contained  0.29  ^  of  chlorine,  while  that  from 
heavy  land  contained  0.92  % .  He  could  not  detect  any  noteworthy 
quantities  of  chlorine  in  tobacco  grown  on  such  land  after  pre- 
liminary crops  which  had  been  manured  in  various  ways.  Herein 
is  found  one  reason  for  the  practical  rule  that,  for  producing  good 
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smoking  tobacco,  light  sandy  or  medium  soils  are  better  than 
heavy,  clayey  land. 

It  is  even  possible  to  grow  fairly  good  tobacco  on  farms  ma- 
nured with  night-soil,  provided  the  soil  is  sandy ;  and  it  has  been 
noticed  in  Europe  that  tobacco-land  which  has  long  been  manured 
with  night-soil  (rich  in  chlorides) ,  or  other  unfit  manure,  yields 
freer  burning  tobacco  in  rainy  seasons  than  that  obtained  in  dry 
years,  when  as  much  as  2  ^  of  chlorine  has  sometimes  been  de- 
tected in  the  leaves.  The  presumption  is  that  the  chlorides  have 
been  washed  dowu  into  the  subsoil  in  the  one  case,  and  brought 
up  towards  the  surface  of  the  soil  in  the  other. 

SiassfvLrt  SaUs  may  preserve  Manure. 

Several  of  the  low-grade  minerals  and  products  from  Stassfurt 
are  well  suited  to  be  used  instead  of  gypsum  in  horse-  and  cow- 
stables,  and  in  sheep-stalls,  to  keep  them  sweet;  and  even  on 
dung-heaps,  to  hinder  that  form  of  putrefaction  which  occasions 
loss  of  ammonia.  They  may  be  used,  perhaps  even  more  eco- 
nomically than  gypsum,  to  '^  hold''  ammonia,  as  the  conunon  say- 
ing is ;  for,  as  is  well  known,  chloride  of  magnesium  (and  chloride 
of  calcium  also)  has  the  power  to  absorb  and  fix  very  considera- 
ble quantities  of  ammonia.  Eichhorn  found,  for  example,  that 
one  grm.  of  anhydrous  chloride  of  magnesium  could  absorb  1,187 
c.  c.  of  ammonia  gas  (and  one  grm.  of  chloride  of  calcium  1,437 
grms.),  while  a  grm.  of  spruce  charcoal  absorbed  no  more  than 
105  c.  c.  of  ammonia.  It  may  be  said,  also,  of  these  saline  pre- 
servatives that  they  act  as  germicides  to  hinder  decay  and  putre- 
faction much  in  the  same  way  that  common  salt  acts  when  applied 
for  the  preservation  of  flesh,  fish,  hides,  etc. 

Fittbogen  has  made  numerous  trials  with  stall-fed  sheep,  at  tem- 
peratures ranging  from  54  to  69^  F.,  to  determine  how  much  of  the 
nitrogen  in  the  fodder  was  retained  in  the  manure  according  as  one 
or  another  of  the  preservatives  was  scattered  upon  it.  He  was 
well  satisfied  with  their  action,  having  obtained  results  which  are 
given,  very  much  condensed,  in  the  following  table.  The  follow- 
ing amounts  of  the  fodder  nitrogen  were  found  in  the  manure, 
when  there  was  used,  — 

Per  Cent. 

No  preservative,  from 71  to  82 

0.10  kilos,  gypsum  to  each  sheep,  per  day,  from      .    .    88  to  90 
0.08     "      kainit  **  **  "...    84  to  94 

0.12     "      camaUito  **  "  "...    87  to  97 

0.06     "     refuse  salts  from  the  Stassfurt  factories  .    .        90 
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In  practice,  it  would  probably  be  sufficient  to  use  half  a  poond 
per  diem  either  of  kainit,  or  carnallite,  or  gypsum,  for  each  horse  or 
cow,  or  for  every  10  sheep.  The  potash  compounds  would  be  just 
as  valuable,  when  used  as  fertilizers  indirectly  in  this  way,  as  if 
they  were  put  upon  the  land  as  such. 

Troschke  found  that  while  carnallite  strewn  in  stables  absorbed 
9  ^  of  ammonia,  kainit  absorbed  only  ^l  %  ;  though,  as  he  re- 
marks, the  large  proportion  of  chlorides  in  carnallite  might  some- 
times be  objectionable.  Maercker  also  has  suggested  that  it  ^vrill 
be  well  to  avoid  those  salts  which  are  rich  in  chlorides  in  cases 
where  the  manure  is  to  be  used  for  tobacco  or  sugar-beets.  He 
urges,  furthermore,  that  the  tendency  to  absorb  moisture  from  the 
air,  exhibited  by  salts  which  contain  much  magnesium  chloride, 
may  make  them  inconvenient  of  application  in  some  cases. 

Morren  found  that  the  loss  of  nitrogen  from  decaying  hom-mcal 
was  almost  wholly  prevented  when  10  %  of  kainit  was  mixed  with 
the  horn.  The  mixture  remained  neutral  instead  of  becoming  alka- 
line, as  happened  when  the  moistened  meal  was  allowed  to  ferment 
without  the  kainit. 

The  results  given  in  Fittbogen's  table  manifestly  refer  to  tol- 
erably fresh  manure.  Other  experiments  have  shown  that  the 
presei-vative  influence  of  kainit  and  gypsum  is  not  necessarily 
permanent,  since  considerable  losses  both  of  the  dry  matter  and 
the  nitrogen  in  the  manure  thus  treated  have  been  noticed  after  a 
few  months'  time.  Troschke  found  at  the  end  of  3  months  that  a 
loss  of  20  %  of  the  dry  substance  and  10  %  of  the  nitrogen  had 
occurred  in  manure  which  had  been  mixed  with  kainit,  and  that 
19  %  of  the  dry  substance  and  32  %  of  the  nitrogen  had  disap- 
peared from  manure  which  had  been  mixed  with  gypsum.  He 
found  that  gypsum  fixed  ammonium  carbonate  more  freely  than 
either  of  the  Stassfurt  salts,  and  that  among  the  latter  kieserit 
was  the  most  effective.  Heiden  also  found  that  kainit  was  less 
effective  than  gypsum  for  fixing  ammonium  carbonate. 

In  more  recent  expenments  by  Holdefleiss,  heaps  of  fresh  cow- 
dung  were  mixed  with  kainit,  etc. ,  and  then  left  exposed  to  the 
weather  during  7  months.  At  the  end  of  this  time,  the  heap  to 
which  kainit  had  been  added  stiU  retained  its  original  texture,  and 
it  was  manifest  that  the  dung  had  undergone  no  great  amount  of 
dcQomposition,  while  a  similar  heap  of  plain  cow-dung  was  very 
much  decayed,  and  so  was  a  heap  that  had  been  mixed  with  phos- 
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phatic  gypsum,  as  well  as  another  that  had  been  covered  with 
earth.  Some  of  the  results  of  these  trials  are  set  forth  in  the 
following  table : — 

From  6-toii  heaps  of              Plain  Cow-  Dnngand  andPnos-       ooreredwith 

Manure.  Kainit.  phatio  Oypeum.       earth. 
IjOfls  of  dry  matter  in  7  months, 

percent 81.2  1L9  22.5  .... 

lioss  or  gain  of  nitrogen,  per 

cent 23.8  0.15  4.6  2.2 

(loss)  (gain)  (gain)  (loss) 

The  large  loss  o£  nitrogen  from  the  heap  of  plain  manure  is 
noteworthy,  and  so  are  the  gains  of  nitrogen  in  the  heaps  charged 
with  gypsum  and  kainit.  As  regaixis  the  preservation  of  nitrogen 
the  covering  of  earth  did  good. 

At  the  close  of  these  trials,  the  several  heaps  of  manure  were 
used  for  field  experiments  on  potatoes,  and  it  appeared  that,  as 
compared  with  un manured  plots,  the  dung  which  had  been  pre- 
served with  kainit  gave  a  smaller  yield  of  tubers  than  were  got 
from  the  heaps  of  dung  that  had  been  treated  with  gypsum  or 
covered  with  earth.  The  jield  from  the  heap  of  plain  dung,  how- 
ever, was  smaller  than  that  from  any  other  heap.  The  quality  of 
the  kainit  potatoes  was  low,  since  they  contained  a  comparatively 
small  percentage  of  starch.  The  gypsum  heap  gave  a  larger  yield 
of  potatoes  than  either  of  the  others. 

Value  of  Potashes, 

American  potashes,  which  consist  essentially  of  a  mixture  of 
hydrate  and  carbonate  of  potash,  and  usually  contain  some  60  ^ 
of  real  potash,  may  be  had  nowadays  at  about  5  cents  the  pound 
at  wholesale.  Hence  the  pound  of  real  potash  in  them  would  cost 
about  8  cents,  while  it  can  be  obtained  for  4.5  and  5.5  cents  in 
the  form  of  muriate  and  sulphate  of  potash.  In  view  of  the  ability 
of  the  caustic  alkali  to  decompose  and  dissolve  bones,  and  to  ex- 
cite fermentation  in  heaps  of  peat,  weeds,  and  other  vegetable 
matters,  as  has  been  explained  under  the  head  of  Composts,  it 
may  perhaps  sometimes  be  good  policy  for  the  farmer  to  buy  what 
potash  may  be  needed  for  his  land  in  the  shape  of  '^  potashes," 
rather  than  in  that  of  sulphate  or  of  chloride  of  potassium.  Al- 
though the  real  potash  (KjO)  in  the  "  potashes"  may  cost  much 
more  money  than  it  would  if  bought  in  the  form  of  a  neutral  salt, 
it  might  occasionally  be  true  that  the  caustic  alkali  would  be  the 
cheaper  substance  for  the  farmer  to  buy,  because  it  is  really  a 
source  of  two  kinds  of  power.     After  it  ha9  made  the  peat,  or 
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bone-meal,  or  weeds,  or  what  not,  ferment,  it  is  still  as  nsef al  ais 
ever  as  a  source  of  potash  for  the  crops.  ^«  Potashes  "  are  here 
specially  insisted  upon,  because  they  are  a  compact,  concentrated, 
merchantable  article,  readily  obtainable;  though  of  course,  if 
wood- ashes  can  be  got,  the  alkali  in  them  could  be  bought  for 
less  money,  because  ashes  are  a  crude  unmanufactured  material, 
upon  which  no  labor  has  been  expended  except  the  cost  of  coUect- 
ing  and  transporting  them. 

It  is  worthy  of  remark  that  much  caustic  soda  is  sold  nowadays 
by  retailers  under  the  misleading  name  ^'  potash,"  and  that  tiiere 
are  many  localities  in  this  country  where  real  potash  is  no  longer 
kept  in  store  by  country  shopkeepers.  The  genuine  article  can 
still  be  obtained,  however,  without  any  difficulty,  either  directly 
or  indirectly,  from  the  city  merchants  who  deal  in  potashes. 
Nitrate  of  Potash. 

Nitrate  of  potash  is  a  powerful  manure,  as  has  been  said  under 
the  head  of  Nitrogen  Compounds.     It  is  often  formed  in  the  soil, 
no  doubt,  and  does  good  service  there  in  feeding  crops,  but  it  has 
hitherto  rarely  been  employed  as  a  commercial  manure  because  of 
its  high  price ;  i.  e.  it  has  been  worth  too  much  for  other  purposes, 
such  as  the  manufacture  of  gunpowder,  to  be  available  for  agricul- 
ture.    Owing,  however,  to  the  great  reduction  in  price  which  has 
resulted  from  the  working  of  the  Stassfurt  mine,  nitrate  of  potash 
is  nowadays  used  with  advantage  in  cultivating  tobacco.     Here 
the  quality  of  the  crop  is  of  paramount  importance,  and  it  <'  pays" 
to  feed  it  with  the  best.    So,  too,  excellent  potatoes  may  be  grown 
by  manuring  with  nitrate  of  potash. 

The  old  plan  was,  instead  of  using  nitrate  of  potash  directly,  to 
apply  a  mixture  of  nitrate  of  soda  and  muriate  of  potash ;  and  for 
grass  and  grain  this  mixture  is  well  enough,  but  the  chloride  of 
potassium  is  objectionable  both  for  potatoes  and  tobacco,  as  well 
as  for  sugar-beets,  in  that  it  is  apt  to  hurt  their  quality.  Hence 
the  modern  use  of  nitrate  of  potash  in  these  special  cases.  It  may 
be  asked,  however,  whether  a  mixture  of  nitrate  of  soda  and  sul- 
phate of  potash  of  the  highest  grade  might  not  be  used  with  ad- 
vantage instead  of  pure  saltpetre.  In  Dreschler's  field  experi- 
ments on  potatoes,  it  appeared  that,  while  potash  in  the  form  of 
nitrate  of  potash  did  much  better  service  than  when  in  the  form  of 
kainit,  the  chief  gain  depended  on  the  fact  that  the  tubers  were  of 
larger  size  in  those  instances  where  nitrate  of  potash  had  been 
used. 
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SoUtpetre  Waste, 

At  gunpowder  works,  and  other  places  where  crude  saltpetre  is 
refined,  a  waste  product  containing  some  sulphate  of  potash  and  a 
little  nitrate  of  potash,  together  with  a  good  deal  of  common  salt 
and  sulphate  of  soda,  may  be  procured.  As  has  been  explained 
under  the  head  of  Nitrates,  this  waste  product  often  has  considera- 
ble value  as  a  fertilizer,  though  it  needs  to  be  analyzed  because 
dififerent  samples  of  it  vary  widely  as  to  their  composition.  So 
also  where  saltpetre  is  manufactured  from  nitrate  of  soda  and 
muriate  of  potash,  the  common  salt  which  forms  as  an  incidental 
product  is  sometimes  contaminated  with  noticeable  quantities  of 
potash  and  of  nitrates.  In  12  samples  of  such  refuse  salt  ex- 
amined by  Swindells,  there  was  found  5.6  %  of  potash  on  the 
average.  In  one  sample  he  found  9  9^  of  chloride  of  potassium, 
and  6  %  of  nitrate  of  potash. 

Pncssiate  and  Cyanide  Residues. 

In  the  manufacture  of  potassium  cyanides,  several  by-products 
are  obtained  which  must  possess  considerable  agricultural  value. 
For  example,  a  sample  of  dark-gray  "  prussiate  residue,"  that 
was  readily  soluble  in  water  and  highly  alkaline,  which  I  examined 
some  years  since,  contained  43  ^  of  potash  (KgO)  and  half  of  one 
per  cent  of  phosphoric  acid ;  and  other  American  samples  are  re- 
ported to  have  contained  as  much  as  54  ^  of  potash.  Anothei 
residual  black  product  from  prussiate  works  contains  a  lai^e  pro- 
portion of  matters  insoluble  even  in  acids,  and  is,  when  freshly 
prepared,  heavily  contaminated  with  ferrous  oxide  and  ferrous 
sulphide.  According  to  Karmrodt,  it  may  contain  some  10  or 
12  %  of  potash  and  5  or  6  %  of  phosphoric  acid  as  well  as  much 
lime.  When  weathered,  to  oxidize  the  iron  compounds,  this  ma- 
terial would  be  a  useful  fertilizer. 

Another  residual  product  (cyanide  residue) ,  which  may  contain 
50  %  or  more  of  potash,  is  obtained  by  evaporating  the  mother 
liquor  from  which  pure  cyanide  of  potassium  has  been  separated, 
by  way  of  crystallization,  to  be  used  for  electroplating. 
Potash  aids  in  translocating  Starch, 

As  will  be  seen  in  another  chapter,  compounds  of  potassium  are 
of  the  utmost  importance  in  vegetable  physiology,  since  they  play 
an  essential  part  in  the  process  of  assimilation  by  which  the  car- 
bon obtained  from  the  air  is  conveiled  into  organic  matter.  It 
has  been  established  with  tolerable  certainty  that  a  considerable 
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amount  of  potash  must  be  present  in  the  leaves  of  plants  in  order 
that  sugar  and  starch  may  be  formed  there.     Thus  Nobbe   and 
several  other  observers  have  found  that  no  starch  is  formed  ixi  the 
chlorophyl  grains  when  potash  is  absent,  and  that  without  potash 
plants  will  not  grow.     On  one  occasion,  Nobbe  kept  some  buck- 
wheat'plants  alive  during  three  months,  without  any  gain  of  weight 
or  any  production  of  vegetable  matter,  by  maintaining  them  in 
solutions  which  contained  all  other  kinds  of  plant-food  exceptiug 
potassium.     But  on  adding  to  these  solutions  a  small  quantity  of 
one  or  another  potash  salt,  carbon  was  assimilated,  and  it  could  be 
seen  with  the  microscope  that  starch  was  formed  in  the  leaves. 

As  bearing  upon  this  matter,  it  is  noticeable  that  plants  which 
are  specially  rich  in  carbohydrates  contain  much  potash.  Even  if 
there  were  no  experimental  proof  that  the  presence  of  potassium 
is  necessary  for  assimilation,  there  would  still  be  a  strong  pre- 
sumption that  there  is  an  intimate  connection  between  potash  and 
starch  (or  other  carbc^ydrate)  analogous  to  that  which  has  long 
been  noticed  to  subsist  between  phosphates  and  albuminoids. 

According  to  A.  Mayer,  this  supposition  would  have  applied  to 
cellulose  as  well  as  to  starch,  for,  as  De  Saussure  remarked  long 
ago,  potash  is  most  abundant  in  those  parts  of  plants  where  growth 
is  most  active,  notably  in  twigs  and  leaves,  i.  e.  in  places  where 
cellulose  is  in  process  of  deposition.  Lawes  and  Gilbert  have  no* 
ticed  that  the  proportion  of  potash  in  the  ash  of  wheat-grain  is 
larger  in  proportion  as  the  grain  is  better  matured,  and  contains  a 
larger  proportion  of  starch.  In  the  potato,  also,  they  found  a 
greatly  increased  amount  of  potash  in  the  heaviest  crops,  1.  e.  in 
those  in  which  the  largest  amounts  of  starch  had  been  formed. 
Acid  Potash-aalts  in  Plants, 

It  is  to  be  noted,  furthermore,  as  a  fact  of  observation,  that 
those  juices  of  plants  which  are  noticeably  sour,  such  as  lemon 
juice,  the  sap  of  rhubarb  stalks  and  sorrel  leaves,  the  juice  of  sour 
apples,  gooseberries,  grapes,  and  the  like,  commonly  contain  an 
acid  salt  of  potash.  In  such  cases  the  acid  combined  with  the 
potash  is  usually  either  citric,  malic,  tartaric  or  oxalic. 

It  has  been  noticed  withal,  that  tobacco  leaves  well  charged  with 
the  potash  salts  of  the  vegetable  acids  now  in  question  bum  read- 
ily, in  a  manner  very  unlike  leaves  that  contain  chloride  of  calcium. 
Hence  one  advantage  in  feeding  tobacco-plants  with  appropriate 
potassic  fertilizers,  over  and  above  the  benefits  due  to  any  increase 
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of  the  amoont  of  crop.  The  presence  of  much  carbonate  of  pot- 
ash in  tobacco-ash,  as  set  forth  in  the  table  on  page  504,  is  an  in- 
dication that  considerable  quantities  of  the  organic  compounds 
above  mentioned  (or  of  nitrates)  were  contained  in  the  leaves. 
When  subjected  to  heat,  these  organic  potash  salts  swell  up  during 
the  process  of  decomposition  so  that  the  charcoal  is  left  in  a 
spongy,  easily  combustible  condition,  the  final  product  of  their 
decomposition  being  carbonate  of  potash. 

This  question  of  combustibility  has  been  studied  in  detail  by  A. 
Mayer  who  impregnated  filter-paper  with  various  saline  solutions  and 
noted  how  the  different  specimens  behaved  when  burnt.  He 
found  in  general  that  the  more  readily  a  paper  bums  with  fiame,  and 
the  more  difficult  it  is  to  extinguish  the  flame,  so  much  the  smaller 
is  the  capacity  of  the  paper  to  glimmer  and  to  "  hold  fire."  Many 
organic  substances  promote  flaming  and  hinder  glimmering,  but  inor- 
ganic matters — excepting  phosphates  (especially  acid  phosphates) 
and  some  salts  of  lime  —  are  generally  helpful  for  glimmering  ana 
prejudicial  to  flaming.  The  improvement  in  combustibility  of  many 
samples  of  tobacco  by  fermentation  (and  in  some  cases  by  leaching) 
is  due  to  the  alteration,  destruction,  or  removal  of  organic  matters 
while  most  of  the  mineral  matters  remain  behind. 

Beside  compounds  of  organic  acids  and  alkalies,  the  nitrates,  sul- 
phates and  carbonates  of  the  alkalies,  and  even  chloride  of  potassium, 
were  found  to  promote  glimmering. 

Soda  salts  were  less  helpful  than  those  of  potash,  and  salts  of  lime 
and  magnesia  were  not  so  good  as  those  of  soda.  Contrary  to  antici- 
pation, the  glimmering  of  paper  was  increased  rather  than  diminished 
by  impregnating  it  with  chloride  of  potassium  or  even  with  chloride 
of  sodium. 

Mayer  found  it  comparatively  easy  to  change  difiieultly  combus- 
tible tobacco  to  easily  combustible  by  hanging  the  leaves  in  a 
half  per  cent  solution  of  acetate  or  nitrate  of  potash,  during  24  hours, 
and  then  drying  them.  Mere  sprinkling  of  the  leaves  with  the  saline 
solution  will  not  answer.  Soaking  is  essential  to  success,  for  not 
only  is  the  tobacco  impregnated  with  the  salt  which  promotes  glim- 
mering, but  much  organic  matter  is  leached  out  from  the  leaves,  as 
well  as  some  chlorides.  Meanwhile  the  tobacco  loses  both  weight 
and  strength.  White  ashes  may  be  obtained  by  soaking  the  leaves, 
as  above,  in  a  half  per  cent  solution  of  acetate  of  lime. 

The  leaves  of  tobacco  grown  in  fertile  soils  often  contain  such  con- 
siderable quantities  of  nitrate  of  potash  that  they  bum  more  freely 
than  they  would  otherwise,  and  it  is  sometimes  well  to  manure  to- 
bacco with  saltpetre  on  this  account  as  well  as  because  of  the  fact 
that  the  nitrate  manuring  increases  the  crop.  Dressings  of  carbon- 
ate of  potash  also,  and  of  wood-ashes,  have  often  been  found  to 
improve  the  combustibility  of  tobacco,  and  Mayer  has  urged  that  the 
nitrate  and  the  carbonate  should  consequently  be  preferred  for 
tobacco  even  to  the  pure  sulphates.  He  has  suggested  that  precipi- 
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tated  phosphate  of  lime,  or  double  superphosphate,  or  even  phos- 
phatic  slag  may  be  better  for  tobacco  than  ordinary  superphosphate, 
because  the  last  named  contains  a  larger  proportion  of  sulphate 
(gypsum)  than  the  others. 


CHAPTER  XXV. 

MAGNESIUM   COMPOUNDS. 

Magnesium  is  one  of  the  elements  absolutely  necessary  for  the 
growth  of  plants.  In  the  absence  of  it  crops  cannot  prosper* 
But  since  magnesium  compounds  are  found  in  tolerable  abun- 
dance in  most  soils  of  fair  quality,  and  in  all  soils  that  are  dressed 
with  stable-manure,  comparatively  little  attention  has  been  given 
to  their  employment  as  fertilizers. 

It  is  true,  indeed,  that  the  amount  of  magnesium  taken  up  by 
plants  is  rather  large.  Thus,  the  ashes  of  wheat-grain  contain 
about  12  ^  of  magnesia  against  3  <^  of  lime,  and  the  ashes  of  peas 
8  %  of  magnesia  to  about  4  %  of  lime,  and  so  with  various  other 
seeds  and  grains.  It  is  noteworthy,  moreover,  that  a  compara- 
tively large  proportion  of  magnesia  accumulates  in  the  grain  or 
seeds  of  the  plant,  and  is  in  that  way  liable  to  be  sold  in  the  crop 
and  carried  away  from  the  land.  But  it  is  also  tnie  that  magne- 
sia compounds  are  widely  diffused  in  nature. 

Small  quantities  of  silicate  of  magnesia  occur  in  many  rocks, 
such  as  granites,  syenites,  dolerites,  and  the  like.  All  limestones 
contain  more  or  less  magnesia,  and  the  so-called  ^'dolomites,"  or 
magnesian  limestones,  contain  a  great  deal  of  it.  Soapstone, 
serpentine,  and  the  talcose  slates  are  magnesian  rocks.  Thei-e  is 
magnesia  in  ashes  also,  in  bones  and  in  sea- water.  It  is  conse- 
quently an  exception  to  the  general  rule  when  a  soil  is  sterile 
through  absence  of  magnesia.  On  comparing  many  analyses  of 
American  soils,  Hilgard  has  found  that  those  of  rainy  regions  con- 
tain on  the  average  about  0.225  %  of  magnesia,  and  those  of  the 
arid  Western  States  —  where  the  leaching  action  of  rains  is  practi- 
cally absent  —  about  1.411  %. 

Modes  of  Action  of  Magnesia, 

It  may  sometimes  be  true  that  the  application  of  a  small  quan- 
tity of  a  magnesium  compound  to  land  will  improve  it.  This 
fact  has  been  observed  occasionally  in  Germany,  as  a  result  of 
the  application  of  the  potash-magnesia  minerals  from  Stassfurt 
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It  was  shown  long  ago  by  Stoeckhardt,  as  the  result  of  very  ex- 
tended experiments  with  magnesian  limestone  from  the  low  lands 
of  Saxony. 

It  is  possible  that  magnesia,  when  applied  as  a  manare,  may  act 
directly  by  serving  as  food  for  the  plant,  or  it  may  be  that  it  will 
act  indirectly  by  expelling  potash,  or  ammonia,  or  lime  from  the 
aluminous  double  silicates  of  these  substances  which  exist  in  the 
soil.  When  applied  in  the  form  of  a  magnesian  limestone,  for  ex- 
ample, the  magnesia  may  perhaps  help  the  lime  to  effect  the  expul- 
sion of  the  foregoing  ingredients  of  plant-food  from  the  hydrous 
silicates  that  hold  them.  In  other  words,  it  may  happen  that  the 
decomposition  of  the  silicates  is  brought  about  more  readily  by  a 
mixture  of  lime  and  magnesia  than  by  lime  alone. 

The  magnesian  limestone,  just  now  mentioned  as  having  been 
examined  by  Stoeckhardt,  gave  a  quicklime  containing  about  60  <^ 
of  lime  and  nearly  40  ^  of  magnesia ;  and  it  was  found,  as  the 
result  of  wide  and  long- continued  experience  in  Saxony,  that  this 
lime  is  a  stronger  and  a  more  enduring  fertilizer  than  that  ob- 
tained from  purer  limestones.  It  may  well  be  true,  however,  that 
the  final  effect  of  such  lime  may  be  mechanical  rather  than  chemi- 
cal. It  may  work  to  alter  the  texture  and  capillary  condition  of 
the  soil,  as  will  be  seen  under  the  head  of  Lime.  It  is  easy  to  be- 
lieve, at  all  events,  that  the  more  ready  solubility  of  carbonate  of 
magnesia  in  carbonic-acid  water,  as  compared  with  that  of  car- 
bonate of  lime,  may  in  some  instances  give  to  magnesian  limes  a 
real  superiority  over  pure  limes,  as  ameliorants  of  heavy  land. 

The  argument  is  not  infrequently  urged  that  phosphoric  acid  is 
specially  needed  by  plants,  since  it  accumulates  in  their  seeds. 
But  manifestly  the  same  reasoning  would  apply  to  magnesia  also, 
which,  as  has  just  been  stated,  is  found  in  seeds  in  larger  quantity 
than  occurs  in  the  other  parts  of  plants.  The  only  difference  be- 
tween the  two  cases  is,  that  phosphoric  acid  is  rai*e,  in  the  sense 
that  it  is  sparsely  distributed,  while  magnesia  is  abundant  in  most 
rocks  and  soils. 

Magnesia  sometimes  Hurtful. 

Doubtless  one  reason  why  so  little  has  been  said  or  done  in  favor 
of  classing  magnesia  among  fertilizing  substances,  is  due  to  an  old 
belief  that  it  is  liable  to  kill  plants.  This  idea  seems  to  have  been 
suggested  by  the  analyses  of  English  chemists  made  at  the  begin- 
ning of  this  century.     It  appeared  from  the  analyses  in  question, 
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that  certain  limestones,  which  had  sometimes  been  found  in  prac- 
tice to  injure  crops,  contained  magnesia.  Tennant  moreover  found, 
on  mixing  calcined  magnesia  with  soils  in  which  he  sowed  differ- 
ent kinds  of  seeds,  that  the  plants  either  died,  or  were  unhealthy, 
or  vegetated  in  a  very  imperfect  manner* 

Hence  magnesia  immediately  fell  into  bad  repute,  in  spite  of  the 
fact  that  Sir  Humphry  Davy,  on  inquiring  into  the  matter,  foand 
that  there  were  cases  in  which  these  very  magnesian  limestones 
were  used  with  good  effect  in  field-culture ;  and  that  a  number  of 
specimens  of  limestone,  which  had  been  sent  to  him  by  farmers  as 
peculiarly  good,  were  found  to  contain  magnesia.  Furthermore, 
Davy  called  attention  to  the  fact  that,  in  one  of  the  most  fertile 
tracts  in  Cornwall,  the  Lizard,  the  soil  contains  much  magnesia. 
«^The  Lizard  Downs  bear  a  short  and  green  grass,"  he  says, 
'  ^  which  feeds  sheep  producing  excellent  mutton ;  and  the  culti- 
vated parts  are  among  the  best  grain  lands  in  the  county."  So 
too,  a  narrow  band  of  magnesian  limestone  which  crosses  the  coun- 
ty of  Yorkshire  is  neither  sterile  nor  barren.  *'  Although  the  soil 
is  in  general  thin  on  the  magnesian  lime,  yet  it  is  a  good  light  soil 
for  arable  culture,  and  with  manure  produces  good  crops.  It  pro- 
duces good  turnips,  potatoes,  barley  and  wheat."  (Morton.) 
Davy  made  experiments  by  growing  plants  in  soils  mixed  with 
magnesia  compounds,  whence  it  appeared  that,  although  caustic 
magnesia  is  injurious  when  present  in  considerable  quantity  in  the 
soil,  it  may  be  beneficial  when  mixed  with  peat,  or  when  it  exists 
in  the  fcH'm  of  a  carbonate.  Schuebler,  in  1830,  satisfied  himself 
that  carbonate  of  magnesia  is  wholly  harmless,  even  when  many 
per  cent  of  it  have  been  mixed  with  ordinary  loam,  and  he  called 
attention  to  the  fact  that  the  soils  of  several  of  the  most  fertile 
districts  in  Wurtemberg  are  derived  from  magnesian  limestones, 
and  contain  more  or  less  carbonate  of  magnesia. 

Schuebler  found,  however,  as  Tennant  had  done,  that  calcined 
magnesia  was  very  hurtful  to  planta  when  mixed  with  the  loam  in 
which  they  were  growing,  and  he  urged  that  the  caustic  magnesia 
hardens  in  the  soil,  like  a  hydraulic  mortar,  and  forms  cmsts  and 
clods  which  are  decidedly  inimical  to  vegetation.  The  fact,  too, 
that,  as  ordinarily  prepared,  the  magnesia  is  somewhat  alkaline, 
may  have  a  deleterious  influence.  Knop,  in  his  turn,  found  that 
the  presence  of  any  salt  of  magnesia  in  the  solutions  employed  for 
experiments  in  water-culture  did  manifest  harm  unless  there  was 
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also  present  an  abundance  of  lime,  potash,  or  ammonia  salts.  By 
themselves,  the  magnesia  salts  bring  aboat  a  peculiar  alteration  in 
the  roots  of  the  plants,  and  in  that  way  soon  cause  the  death  of 
the  plants. 

Knop  suggests  that  the  bad  effects  sometimes  produced  by  mag- 
nesia in  field-culture  can  probably  be  prevented  by  using  in  con- 
junction with  it  a  sufficient  quantity  of  lime.  He  makes  the  further 
suggestion  that,  in  view  of  the  extremely  easy  solubility  of  chloride 
of  magnesium,  and  the  possibility  of  this  salt's  forming  in  some 
soils  when  they  are  dressed  with  chloride  of  potassium,  that  the 
last-named  salt  may  be  inferior  as  a  fertilizer  to  sulphate  of  pot- 
ash, which  would  never  produce  any  such  hurtful  salt.  But,  as 
has  been  suggested  already,  this  very  formation  of  magnesium 
chloride  in  the  upper  layera  of  the  soil  might  sometimes  be  advan- 
tageous, since  it  would  be  likely  to  react  upon  the  potash  silicate 
below  and  to  set  free  potash  from  it. 

Disorganizcttion  of  CeUs. 

Knop's  observation  that  lime  is  an  antidote  to  magnesia  has 
been  corroborated  by  Loew,  who  maintains  that  the  nuclei  of  cells 
contain  a  compound  of  lime  and  organic  matter  from  which  the 
lime  may  be  removed  by  the  action  of  certain  magnesium  salts, 
with  destruction  of  the  cell.  He  finds  that  sulphate,  nitrate  and 
chloride  of  magnesium  may  exert  a  poisonous  action  in  this  way 
which  is  comparable  to  that  of  oxalic  acid  and  the  oxalates.  Ac- 
cording to  Loew,  magnesia  is  so  weak  a  base  that  whenever  its 
compounds  with  the  strong  acids  above  mentioned  come  in  con- 
tact with  the  lime  compounds  proper  to  the  cells  of  plants,  a  reac- 
tion of  the  nature  of  a  double  decomposition  occurs,  which  breaks 
up  the  lime  compounds,  and  the  cells  also  of  which  these  com- 
pounds form  a  constituent  part.  But  in  case  a  sufficient  quantity 
of  lime  or  of  a  salt  of  lime  are  at  hand,  the  magnesium  salt  will 
react  therewith,  and  will  have  no  opportunity  to  injure  the  nuclei 
of  the  plant-cells. 

In  consonance  with  these  scientific  observations,  it  has  been  ob- 
served by  practical  men  that  kainit  may  do  harm  when  used  upon 
poor  sandy  soils  unless  an  abundance  of  lime  is  applied  with  it ; 
and  since  kainit  may  contain  some  15  ^  of  magnesia,  or  say  12  ^ 
of  magnesium  chloride,  it  seems  evident  that  the  lime  may  do  good 
by  preventing  the  injurious  action  of  the  magnesia.  Moreover, 
the  fact  that  kainit  often  does  better  service  on  good  land  whep 


620  AGBICULTUBE. 

applied  in  the  autumn  rather  than  in  the  spring,  may  be  explained, 
by  referring  to  the  slow  decomposition  of  the  magnesium  salt  by 
lime  compounds  in  the  soil,  and  by  some  of  it  being  converted  to 
the  condition  of  a  double  humate,  as  well  as  to  the  leaching  action 
of  rain,  which  may  remove  some  of  the  magnesium  chloride  from 
the  soil. 

It  should  be  borne  in  mind  that  there  are  several  localities  on 
the  Continent  of  Europe  where  soils  resulting  from  the  decompo- 
sition of  dolomite  are  notoriously  sterile  and  unfit  for  cultivation, 
and  that  the  old  prejudice  against  magnesia  was  greatly  strength- 
ened by  the  experience  of  German  farmers  with  Abraum  salt, 
and,  indeed,  with  several  other  of  the  Stassfurt  salts  which  con- 
tain magnesia.  Soon  after  the  opening  of  the  potash-mine  at 
Stassfurt,  large  quantities  of  the  impure  mineral,  as  dug  from  the 
earth,  were  applied  for  fertilizing  purposes ;  but  the  results  ob- 
tained were  so  varied,  and  the  action  of  the  substance  was  so  un- 
certain, that  it  speedily  fell  into  disrepute.  The  trouble  was  due, 
no  doubt,  to  the  large  amounts  of  magnesium  chloride  (20  or  30  ^  ) 
which  the  mineral  contained.  Compounds  less  highly  charged 
with  this  impurity  were  soon  substituted  for  the  crude  Abraum 
salt,  and  they  have  continued  to  be  used  in  enormous  quan- 
tities. 

Kinds  of  Magnesian  Fertilizers. 

Little  needs  to  be  said  with  regard  to  the  different  forms  in 
which  magnesia  might  be  applied  to  the  land.  The  Stassfurt 
minerals,  as  well  as  products  obtained  from  them,  are  always  to  be 
had;  and  were  it  not  for  the  probability  that  lime  made  from 
dolomite  has  peculiar  merit  for  improving  the  texture  of  certain 
soils,  it  might  be  said  at  once,  and  without  reservation,  that  in 
some  one  of  the  potash-magnesia  products  from  Stassfurt  may  be 
found  the  cheapest  and  the  best  source  of  magnesia.  Lime  rich 
in  magnesia  can  usually  be  obtained  readily.  It  would  not  be 
difficult  to  reduce  dolomite  to  powder.  If  the  use  of  it  were  found 
to  be  advantageous,  this  powder  could  be  supplied  in  abundance 
at  a  very  cheap  riate.  In  case  of  need,  it  would  be  easy  to  treat 
soapstone  or  serpentine  with  oil  of  vitriol,  and  so  get  an  impure 
sulphate  of  lime  and  magnesia.  Epsom  salt  also  is  obtainable  at 
cheap  rates  from  sea-water,  and  as  a  residuary  product  in  the 
manufacture  of  carbonic-acid  gas  from  magnesite  by  means  of 
sulphuric  acid ;  and  of  late  years  chloride  of  magnesium  is  said  to 
be  procurable  almost  as  a  gift  at  Stassfurt. 
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The  double  phosphate  of  magnesia  and  ammonia,  which  is  ob- 
tainable by  adding  a  magnesium  salt  and  some  alkali  to  putrid 
urine,  should  likewise  be  borne  in  mind.  The  preparation  of  this 
compound  has  often  been  proposed  as  a  device  for  saving  some 
part  of  the  phosphoric  acid  and  ammonia  now  lost  from  cities, 
although,  owing  to  the  bulky  character  of  the  liquid  to  be  operated 
upon  and  to  sanitary  considerations,  the  process  cannot  be  re- 
garded as  one  of  general  applicability.  There  can  be  little  doubt, 
however,  that  sulphate  of  magnesia  (common  Epsom  salt),  or 
chloride  of  magnesium,  or  Abraum  salt,  may  be  added  with  ad- 
vantage to  the  pit  into  which  the  drainings  of  the  dung-heap  flow, 
in  cases  where  such  pits  are  maintained. 

It  is  plain  that  the  farmer  may  free  his  mind  from  aU  care  as 
regards  magnesia  considered  as  plant-food,  by  dressing  his  fields 
lightly,  once  in  a  while,  with  one  of  the  low-grade  Stassfurt  ferti- 
lizers. With  the  exception  perhaps  of  the  very  highest  grades, 
all  the  Stassfurt  products  are  highly  charged  with  magnesium 
salts. 

In  speculating  as  to  the  condition  in  which  magnesia  may  exist 
in  the  soil,  the  ccnnpounds  specially  to  be  considered  are  the  car- 
bonate, which  is,  comparatively  speaking,  readily  soluble  in  car- 
bonic-acid  water,  the  doal^  (and  simple)  silicate,  humate,  and 
phosphate,  and  possibly  even  the  double  phosphate  of  magnesia 
and  ammonia.  

CHAPTER  XXVI. 

LIME   AND   LIME   COMPOUNDS. 

The  theory  of  che  use  of  lime  as  a  manure  is  a  subject  full  of 
interest  and  importance,  as  well  as  of  doubt  and  apparent  contra- 
diction. In  some  regions,  the  farmers  are  seen  to  apply  lime  to 
the  land  wellnigh  universally,  and  in  such  quantities,  indeed,  that 
at  certain  seasons  of  the  year  the  whole  surface  of  the  country  is 
made  white  with  it ;  while  in  other  places,  as  in  the  vicinity  of 
Boston,  for  example,  it  is  easy  to  perceive  that  lime  is  held  in 
small  esteem  by  practical  men. 

It  is  hard  to  say  positively  why  opinions  should  differ  so  widely, 
or  to  discover  all  the  reasons  which  have  determined  the  obsei-ved 
variations  of  practice.  In  one  word,  the  subject  of  liming  land  is 
not  yet  thoroughly  understood  in  all  its  bearings.     It  is  not  un- 
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likely,  however,  that  the  mystery  might  even  now  be  explained  in 
good  part,  if  not  wholly,  if  some  competent  person  would  take 
the  time  and  trouble  to  observe  the  facts  in  several  localities,  and 
to  study  the  history  of  this  particular  branch  of  agriculture  in  the 
light  of  modern  science.  At  all  events,  the  problem  could  doubt- 
less be  solved  if  the  results  of  the  old  experience  were  once 
thoroughly  sifted,  and  properly  set  forth  and  formulated  so  that 
experiments  could  be  devised  understandingly,  by  which  to  settle 
the  obscure  points. 

As  matters  actually  stand,  the  student  is  met  at  the  threshold 
of  the  inquiry  by  so  many  different  statements,  so  many  possibili- 
ties and  probabilities,  that  the  subject  is  made  to  seem  less  clear 
than  it  really  is.  As  has  been  said,  the  contrasts  between  the 
current  methods  and  practices  of  farmers  in  respect  to  the  ose  of 
lime  are  very  remarkable.  Why  is  it,  for  example,  that  so  little 
lime  is  used  in  Easteiii  Massachusetts  ?  and  why  is  it  that  sach 
enormous  quantities  of  it  are  used  in  other  districts,  such,  for  ex- 
ample, as  some  parts  of  Pennsylvania,  of  France,  and  of  Ger- 
many, which  have  fallen  under  my  own  obsen^ation?  At  New- 
York,  Brooklyn,  and  New  Haven  the  gas  companies  are  said  to 
sell  their  spent  lime  for  almost  as  much  as  the  fresh  lime  cost 
them,  but  in  Boston  no  one  will  take  the  spent  gas-lime  as  a 
gift. 

Indifference  towards  lime,  or  objection  to  it,  is  by  no  means 
peculiar  to  this  particular  locality.  It  is  notorious  that  in  some 
parts  of  the  world  landlords  have  often  absolutely  forbidden  their 
tenants  by  contract  from  using  lime,  and  the  employment  of  it  in 
agriculture  at  the  present  day  cannot  in  any  sense  be  regarded  as 
a  general  practice. 

Another  striking  diversity  is  seen  in  the  fact  that  most  German 
writers  claim  that  lime  gives  its  best  results  on  heavy  land,  while 
the  earlier  French  writers  often  urged  that  the  proper  place  to 
apply  lime  is  upon  light,  open  soils.  According  to  Mr.  Pusey, 
lime  is  considered  indispensable,  as  an  oi-dinary  manure,  on  the 
west  side  of  England,  and  is  generally  found  utterly  useless  else- 
where in  that  country.  He  confesses  his  ignorance  as  to  whether 
this  difference  may  arise  from  soil  or  climate,  but  he  believed  that 
lime  answers  best  in  rainy  climates  on  wet  soils  of  primitive  strata. 
At  the  West  of  England,  he  says,  when  land  is  first  brought  into 
use  from  waste,  a  heavy  dressing  of  lime  is  a  sine  qua  non.    The 
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impartial  reader  is  in  either  case  naturally  inclined  to  believe  posi- 
tive affirmative  statements  such  as  these;  and  it  is  not  easy  to 
escape  the  conviction,  that  in  both  countries  the  customs  have 
resulted  from  practical  experience,  and  that  in  general  the  farmers 
are  justified  in  their  practices.  In  England  it  has  been  remarked 
by  several  observera  that  the  introduction  of  artificial  fertilizers 
has  greatly  lessened  the  importance  of  lim^. 
Manner  of  applying  Lime, 

The  favorite  way  of  applying  quicklime  is  to  bury  it  in  little 
holes  in  the  moist  earth  of  the  field,  in  the  spring  or  the  autumn, 
or  to  make  little  heaps  of  lime  upon  the  surface  of  the  land  and 
cover  them  with  earth.  In  either  event  the  lime  soon  slakes  and 
falls  to  a  fine  dry  powder  which  is  then  spread  upon  the  surface  of 
the  land.  In  a  dry  time  the  heaps  of  lime  would  need  to  be  moist- 
ened with  water,  but  usually  the  dampness  of  the  soil  is  all-suffi- 
cient. On  stiff  land  from  4  to  6  tons  of  quicklime  are  applied  to 
the  acre,  sometimes  even  12  tons.  In  spreading  lime  it  is  im- 
portant that  the  day  should  be  dry  and  the  material  powdery,  lest 
a  sticky  paste  be  formed. 

A  Scotch  writer  has  recently  described  his  practice  as  follows. 
Plough  oat-stubble  as  soon  as  convenient  after  removal  of  the 
crop.  Next  spring  harrow  across  the  furrows,  as  soon  as  may  be 
practicable,  to  smooth  the  land ;  lay  out  the  quicklime  in  heaps 
six  yards  apart,  and  cover  the  heaps  immediately  with  the  very 
damp  soil.  In  24  hours'  time  the  lime  will  have  fallen  to  fine 
powder,  which  must  be  spread  speedily  to  avoid  the  risk  of  rain. 
Finally,  harrow  in  the  lime  with  a  heavy  harrow.  Turnips  are 
fouud  to  succeed  well  after  this  treatment,  and  to  be  compara- 
tively free  from  the  finger-and-toe  disease. 

According  to  H.  Stewart,  writing  in  New  Jersey,  a  very  con- 
venient way  of  proceeding  is  to  drop  the  lime  in  heaps  of  one 
bushel  each  at  distances  of  2  rods  (33  feet)  apart,  which  will  give 
40  bushels  to  the  acre.  These  heaps  are  left  exposed  to  air  and 
rain  until  moisture  enough  has  been  absorbed  by  the  lime  to  con- 
vert it  to  a  fine,  di-y  powder,  which  is  then  spread  evenly  with  a 
long-handled  shovel.  The  lime,  being  thrown  16.5  feet  each  way 
from  the  heap,  will  be  evenly  distributed  over  the  land.  "  Lime  is 
thus  used  when  land  is  sown  with  wheat  in  the  autumn  to  be  fol- 
lowed by  clover  and  grass-seeds  in  the  spring.  It  is  spread  after 
the  manure  has  been  ploughed  under,  and  the  surface  has  been 
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harrowed  once.  .  •  .  Sometimes  the  lime  ia  applied  in  the  spring 
to  a  grass-  or  clover-sod  which  is  ploaghed  under  for  maize." 

Theoretically^  it  would  seem  to  be  better  to  plough  undejr  the 
lime  rather  than  to  harrow  it  in,  since  the  sooner  and  the  more 
intimately  and  completely  the  lime  is  brought  into  contact  ifrith 
the  soil,  the  more  thorough  will  its  action  be.  All  that  is  left  an- 
covered  until  it  has  changed  to  carbonate  of  lime  can  never  have 
opportunity  to  act  as  caustic  lime.  Generally  speaking,  rapidity 
is  desirable  when  dealing  with  lime.  No  part  of  the  work  shoald 
be  performed  at  odd  moments.  When  the  job  has  once  been  set 
about,  the  lime  should  be  burnt,  hauled,  slaked,  spread  and 
ploughed  under  as  speedily  as  possible. 

Beside  the  economy  of  carriage,  one  great  merit  of  laying  ont 
the  quicklime  in  small  heaps  upon  the  field,  and  allowing  it  to  slake 
there,  rather  than  at  the  kiln  or  the  farmyard,  is  that  the  powdery 
product  can  be  distributed  from  the  field  heaps  with  less  annoy- 
ance to  the  workmen  than  would  be  the  case  if  it  had  to  be  carted. 
At  the  best,  liming  is  a  very  disagreeable  process,  because  clouds 
of  extremely  annoying  dust  arise  from  the  fine  powdery  slaked 
lime  to  irritate  the  eyes  and  lips  of  the  laborers. 
lAme  on  Qreen  Sward. 

Sometimes  lime  is  applied  to  grass-land,  commonly  when  the 
grass  is  young,  or  to  young  clover,  care  being  taken  to  have  the 
material  thoroughly  slaked  to  a  fine  dry  powder,  and  to  spread  it 
evenly.  On  fields  that  are  adequately  moist,  the  crop  may  some- 
times be  very  considerably  increased  in  this  way.  It  is  noticed 
that  lime,  like  the  potassic  fertilizers,  often  favors  the  growth  of 
leguminous  plants,  and  that  it  tends  to  '*  bring-in  '*  clover  when 
applied  to  pastures.  According  to  Fhilipar,  neither  red  clover  uor 
annual  (crimson)  clover  can  be  grown  with  profit  on  the  granitic 
soil  of  Britanny  (France)  until  the  land  has  been  limed  or  marled. 

As  recently  as  1860-70,  the  liming  of  permanent  pasture-land 
has  been  extensively  practised  in  southern  Scotland.  From  150 
to  180  bushels  to  the  acre  is  said  to  be  an  ordinary  allowance, 
though  sometimes  more  than  800  bushels  are  applied.  It  is  said 
that  upon  deep  soils,  rich  in  vegetable  matter  and  inclined  to  clay, 
lime  has  an  extremely  powerful  effect  in  renovating  the  grass.  <'  It 
at  once  cleans  the  surface,  kills  insects,  decomposes  decaying 
vegetable  matter,  and  raises  a  close  sward  of  sweet,  nutritive 
grasses,  including  considerable  quantities  of  white  clover,  and 
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cattle  will  prefer  the  grass  growing  on  the  limed  land."  So,  too, 
Lawes  has  said  that  *'  The  first  application  of  lime  to  moor-land,  or 
to  pastures  which  are  deficient  in  lime,  is  often  followed  by  a 
growth  of  white  clover,  so  abundant  as  to  have  led  some  to  the 
couclusion  that  the  plant  was  spontaoeouslj  generated  in  the  soil." 

In  southwestern  England,  also,  lime  wm  thought  at  one  time  to 
have  a  peculiar  effect  in  sweetening  and  strengtli^&ing  grass.  One 
hundred  bushels  of  lime  to  the  acre  before  laying  down  the  land 
to  grass,  and  afterwards  50  bushels  of  lime  every  three  years,  applied 
as  a  top-dressing,  have  been  found  to  serve  well  on  pastured  land. 

Another  account  says:  ^^  Spread  lime  on  old  grass-land  soon  after 
mowing,  at  the  rate  of  160  bushels  to  the  acre.  Slake  the  heaps  with 
a  little  water,  spread  the  powder  and  brush  it  in  while  hot.  The  ef- 
fects of  this  treatment  may  be  seen  for  16  or  20  years."  Yet  another 
account,  relating  to  Westmoreland,  says:  ^*-  Lime  has  always  been  the 
favorite  top-dressing  for  pasture-land,  especially  on  the  slate-rock 
formation,  where  it  acts  magically  in  producing  a  fine,  sweet  herbage. 
.  .  .  The  usual  dose  for  a  strong,  healthy,  rushy  or  benty  pasture  is 
from  200  to  300  bushels  to  the  acre,  an  under-aUowance  being  of  lit- 
tle use.  It  is  laid  out  from  carts  in  convenient  heaps,  and  generally 
left  to  '  sour '  before  it  is  spread.  .  .  .  One  most  important  point  is 
that  lime  must  never  be  applied  to  wet  land,  or  it  will  be  thrown  away. 
The  beneficial  effect  is  most  strongly  marked  on  newly-drained,  sour, 
rushy  land  with  a  strong  subsoil ;  and  on  this,  or  on  mixed  heaths  and 
bents,  the  fine  grasses  and  white  clovers  spring  up  plentifully  after  a 
good  dose  of  lime.  The  first  dose  should  alwa}-s  be  a  heavy  one  ; 
after  which  the  good  effects  will  continue  for  20  or  30  years.  A  sec- 
ond dose  of  lime  never  answers  anything  like  so  well  as  the  first,  and 
some  artificial  dressing  is  usually  then  resorted  to." 

It  is  noteworthy  that  after  bone-meal  cBxne  into  extended  use  upon 
grass-lands  in  England,  lime  was  much  less  used,  in  many  localities, 
upon  pastures  and  mowing-fields  than  it  had  been  before.  One  reason 
for  this  change  was,  doubtless,  that  while  both  the  lime  and  the  bone 
encouraged  the  growth  of  clovers,  the  bone  did  additional  service  in 
that  it  really  fertilized  the  land.  In  experiments  with  various  ferti- 
lizers on  pasture-lands  in  different  localities,  Voelcker  observed  that 
lime  often  had  a  decidedly  beneficial  effect  upon  the  herbage,  while 
at  other  times  it  diminished  the  yield,  and  appeared  to  have  an  inju- 
rious effect.  He  says  :  '^  There  are,  no  doubt,  soils  upon  which  lime 
has  been  used  with  most  beneficial  effect  upon  the  herbage.  Indeed, 
I  do  not  hesitate  to  say  that,  on  soils  utterly  deficient  in  lime,  it  is  im- 
possible to  derive  the  greatest  benefit  from  the  use  of  farmyard-ma- 
nure  or  guano  and  other  concentrated  manures,  unless  they  have  been 
previously  limed  or  marled.  On  the  other  hand,  there  are  both  light 
and  heavy  pastures  on  which  lime  has  no  effect  whatever,  for  the  sim- 
ple reason  that  such  land  contains  naturally  a  superabundance  of  car- 
bonate of  lime." 

As  a  preparation  for  lawns,  on  non-calcareous  soils,  gardeners  have 
often  advised  that  lime  should  be  freely  used.    As  much  as  200  bush- 
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els  to  the  acre  have  sometimes  been  used  for  this  purpose  when   the 
land  was  trenched ;  but  usually  the  plan  is  to  apply  50  bushels    or  so 
of  lime  to  the  acre  at  first,  and  to  repeat  the  dressing  every  3  or  o 
years,  until  there  has  been  added  as  much  as  300  bushels  to  the  acre. 
According  to  Joulie,  writing  of  conditions  which  exist  in  France,  it  is 
always  well  to  apply  a  certain  amount  of  lime  to  grass-land,  especially 
to  permanent  mowing-fields,  at  the  rate  of  some  8  cwt.  to  the   acre 
annually,  put  on  in  autumn  immediately  after  the  last  mowing.      The 
purpose  of  this  lime  is  to  prevent  sourness  and  to  promote  the  decay 
of  dead  oi*ganic  matter,  whereby  the  nitrogen  that  is  contained  in  it 
is  made  available  as  plant-food.     He  urges  that,  even  on  calcaj-eons 
soils,  dressings  of  lime  may  be. good  for  grass-fields,  since  meado'ws 
sometimes  become  sour  at  the  surface,  through  the  accumulation  of 
dead  organic  matters,  even  in  cases  where  the  soil  is  highly  calcareous 
at  a  depth  of  8  inches.     To  his  mind,  it  seemed  absolutely  necessaiy 
that  all  soils  which  naturally  contain  less  than  5  %  of  lime  should  he 
dressed,  before  seeding  down  to  grass,  either  with  lime  or  with  marl 
or  with  ashes  from  lime-kilns.     Lime  he  held  to  be  best,  and  he  rec- 
ommended that  it  should  be  used  at  the  rate  of  from  16  cwt.  to  2  tons 
to  the  acre. 

Lime  considered  as  Plant-food. 

Looking  at  the  question  of  the  use  of  lime  from  the  theoretical 
point  of  view,  it  is  plain  that  a  certain  proportion  of  lime  is  neces- 
sary to  the  plant.     Lime  is  a  substance  that  can  no  more  be  spared 
than  potash,  or  magnesia,  or  than  phosphoric  acid.     Some  of  it 
must  be  present  in  the  soil,  or  no  crop  can  grow.     But,  in  so  far 
as  the  immediate  requirements  of  plants  in  this  sense  are  concerned, 
a  few  pounds  of  any  lime  compound  to  the  acre  would  satisfy  them, 
and  there  is  already  enough,  and  more  than  enough,  lime  in  almost 
every  cultivable  soil.     It  is  to  be  said,  however,  that  several  scien- 
tific observers  have  noticed  that  at  the  time  of  germination  of 
many  kinds  of  seeds,  the  organic  matter  of  the  seeds  is  put  to 
better  use,  and  is  used  up  more  completely  by  the  young  plants, 
when  an  abundance  of  some  compound  of  lime  is  within  reach  of 
the  plants.     It  has  been  found  indeed  sometimes  that  certain  seeds 
either  fail  to  produce  plants  when  lime  is  lacking,  or  that  they  pro- 
duce plants  which  are  deficient  as  to  size  and  vigor,  very  much  in 
the  same  proportion  as  the  supply  of  lime  is  inadequate. 

According  to  Deherain,  lime  is  specially  useful  as  an  aid  to  ger- 
mination when  the  seeds  happen  to  sprout  at  temperatures  lower 
than  that  which  would  be  most  suitable  for  them  ;  and  in  some  of 
his  trials  results  as  good  as  those  got  with  lime  were  obtained  by 
simply  increasing  the  temperature  at  which  the  seeds  were  allowed 
to  germinate.     In  his  experiments,  ulmate  of  lime  gave  better 
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results  than  nitrate  of  lime,  and  the  question  suggested  itself 
whether  the  organic  matter  of  the  ulmate  might  not  have  helped 
to  nourish  the  young  plants. 

Lime  is  Abundant. 

Lime  is  one  of  the  most  abundant  of  substances.  It  has  been 
estimated  that  not  less  than  one-sixth  of  all  the  rocks  on  the  sur- 
face of  the  globe  are  limestones,  sind  that  the  metal  calcium  forms 
as  much  as  one  sixteenth  of  the  solid  crust  of  the  earth.  Vast 
tracts  of  country  are  composed  almost  entirely  of  limestone,  and 
there  are  wide  ranges  of  soil  that  is  wellnigh  wholly  calcareous. 
There  are  great  beds  of  gypsum  also  here  and  there,  and  scarcely 
a  rock  can  be  found  that  does  not  contain  lime  as  an  essential  in* 
gredient.  All  the  ordinary  granitic  rocks  contain  calciferous  sili- 
cates. In  the  older  part  of  Boston,  the  very  waters  of  the  wells 
are  "  hard,"  because  they  are  charged  with  gypsum  ;  and  in  many 
localities,  where  limestone  abounds,  all  the  waters  are  hard,  from 
the  presence  in  them  of  bicarbonate  of  lime. 

It  may  often  happen,  no  doubt,  in  sandy  regions,  and  in  soils 
which  have  resulted  from  the  decomposition  of  certain  sandstones, 
slates,  and  other  rocks  poor  in  lime,  that  neither  the  soil  itself,  nor 
the  water  which  percolates  through  it,  contains  enough  lime  to 
serve  as  nourishment  for  plants ;  but  in  almost  every  such  instance 
there  is  a  still  greater  deficiency  of  other  fertilizing  materials,  such 
as  phosphoric  acid  and  potash,  than  of  lime,  and  the  use,  not  of 
lime,  but  of  some  general  manure,  like  that  from  the  farmyard, 
will  be  indicated.  In  any  event,  if  it  were  wished  to  give  such  a 
soil  lime,  it  might  be  better  to  apply  plaster  of  Paris,  or  bone-meal, 
or  superphosphate,  or  some  compost  made  with  lime,  rather  than 
mere  quicklime. 

Income  and  Outgo  of  Lime. 

This  point  can  readily  be  illustrated  by  contrasting  the  amount 
of  lime  in  ordinary  soils,  or  even  in  the  poorest  soils,  with  the 
quantities  of  lime  taken  off  in  crops.  It  will  be  seen  at  once  that 
cultivated  soils  commonly  contain  a  great  superabundance  of  lime 
over  and  above  all  that  can  possibly  be  needed  for  the  mere  pur- 
pose of  feeding  plants.  Thus,  if  it  be  assumed  that  an  acre  of  land 
taken  to  the  depth  of  one  foot  weighs  3,500,000  lb.,  and  that  the 
soil  contains  no  more  than  one-tenth  of  one  per  cent  of  lime,  which, 
as  the  records  of  soil  analyses  show,  is  an  extremely  low  estimate, 
there  will  still  be  no  less  than  3,500  lb.  of  lime  to  the  acre.  But 
in  a  crop  of 
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18  bushels  of  wheat  and  2,000  lb.  of  straw  there  are  only  some  6  or  7  ll>.  of 

lime. 
12  bushels  of  peas  and  1,200  lb.  of  straw,  28  or  29  lb.  of  lime. 
120  bushels  of  potatoes  and  3,000  lb.  of  tops,  20  lb.  of  lime. 
375  bushels  of  mangolds  and  6,000  lb.  of  tops,  25  to  28  lb.  of  lime. 
In  5,000  lb.  of  clover  hay  there  are  100  lb.  of  lime. 

Moreover,  wherever  f armyard-manure  is  used,  quantities  of  lime 
as  considerable  as  those  taken  off  in  crops  are  commonly  returoed 
to  the  land,  and  in  most  commercial  fertilizers  also  there  is  more 
or  less  of  it.  Voelcker's  analysis  of  six  months'  rotted  farmyard- 
manure  shows  2  ^  of  lime  ;  that  is  to  say,  a  single  cord  of  such 
manure,  even  if  it  weighed  no  more  than  three  tons,  would  carry 
to  the  land  120  lb.  of  lime.  100  lb.  of  guano  contain  some  10  lb. 
of  lime ;  100  lb.  of  bone-meal,  about  27  lb. ;  200  lb.  of  plaster, 
more  than  60  lb. ;  and  so  on. 

Lime  Pla/nts  and  Others. 

It  is  a  very  old  belief  that  certain  kinds  of  trees  and  other  wild 
plants  flourish  best  on  calcareous  soils,  while  it  is  equally  well 
known  that  other  plants  cannot  abide  the  presence  of  much  lime. 
In  many  regions,  some  species  of  plants  occur  so  constantly  on 
those  soils  which  contain  lime,  while  they  are  not  seen  on  the  non- 
calcareous  soils  of  the  locality,  that  their  presence  or  absence  is 
regarded  as  a  characteristic  indication  of  the  nature  of  the  soil. 

In  this  country,  Hilgard  has  insisted  strongly  on  the  fact  that  in 
the  Gulf  States  some  kinds  of  oaks,  and  such  trees  as  the  crab- 
apple,  wild-plum,  tulip-tree,  honey-locust,  juniper  and  some  others, 
grow  constantly  on  the  fertile  calcareous  soils,  while  the  pines 
proper  are  left  in  possession  of  the  poor,  non-calcareous  land.  On 
comparing  a  large  number  of  analyses  of  soils  that  had  never  been 
subjected  to  cultivation,  he  concluded  that  in  order  that  a  soil 
shall  be  fertile  enough  to  favor  the  growth  of  the  lime-loving  trees 
above  indicated,  there  should  be  present  in  it  not  less  than  0.1  ^ 
of  lime  if  it  be  light  and  sandy,  and  not  less  than  0.25  ^  of 
lime  if  it  is  a  clay  loam.  In  heavy  clay  soils  the  percentage  of 
lime  should  not  be  lower,  he  says,  than  0.5,  and  it  may  rise  advan- 
tageously to  1  %  or  even  to  2  %.  Beyond  the  last-named  figure, 
it  seems  in  no  case  to  act  more  favorably  than  a  less  amount,  un- 
less it  be  mechanically. 

As  regards  agricultural  plants,  it  has  long  been  a  matter  of  popu- 
lar belief  that  hops  and  sainfoin  flourish  best  on  calcareous  soils, 
while  sorrel  and  some  other  weeds  disappear  whenever  the  soil  is 
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well  charged  with  lime.  In  many  parts  of  Europe,  the  appearance 
of  sorrel,  ozalis,  and  certain  other  weeds  in  a  field,  is  regarded  as 
an  indication  that  the  application  of  lime  or  marl  is  needed.  But 
according  to  Wheeler,  lime  so  favors  the  growth  of  clover  and 
other  desirable  plants,  that  they  are  thereby  enabled  to  overcome 
the  sorrel  and  crowd  it  out.  He  noticed,  moreover,  that  while  sor- 
rel did  not  grow  as  well  on  limed  land  as  on  that  which  was  un- 
limed,  it  grew  far  less  luxuriantly  on  land  dressed  with  lime  and 
sulphate  of  ammonia  l^an  on  land  dressed  with  lime  and  nitrate 
of  soda.  In  Ohio  and  other  States,  Lazenby  has  noticed  that 
chestnut-trees  are  not  seen  growing  naturally  on  soils  which  con- 
tain any  considerable  quantity  of  lime.  He  remarks  also  that 
many  of  the  representatives  of  the  heath  family  will  not  grow  or 
even  live  for  any  considerable  time  on  limestone  soils. 
Liming  often  improves  TXUh, 

From  what  has  been  said  above,  it  will  be  seen  that  —  with  the 
exception  perhaps  of  a  few  special  crops  —  the  farmer  in  applying 
lime  to  his  land  could  hardly  be  justified  in  regarding  it  simply  as 
a  fertilizer  of  direct  action.  On  the  contrary,  in  seeking  to  explain 
the  benefits  derived  from  lime,  special  attention  must  be  given  to 
the  physical  and  chemical  actions  of  this  substance  upon  the  soil 
itself,  and  upon  various  constituents  in  the  soil,  as  well  as  its  cor- 
rosive action  upon  worms,  insects  and  fungi,  as  will  be  explained 
directly. 

Mention  may  here  be  made  of  a  noteworthy  fact  of  experience, 
that  liming  is  often  found  to  do  good  service  on  soils  which  already 
contain  no  small  quantities  of  lime-compounds.  According  to 
Way,  lime  is  uniformly  applied  with  great  success  on  soils  of  the 
London  clay  near  Famham.  But  this  clay  contains  a  considerable 
percentage  of  carbouate  of  lime  in  the  shape  of  chalk  fragments. 
Lime  acts  most  beneficially  also  on  the  gault  clay  which  contains 
a  notable  quantity  of  gypsum. 

Mtich  Lime  is  leached  out  from  Soils  in  rainy  Regions. 

Attention  has  already  been  called  (in  Chapter  VII  of  Volume 
I)  to  the  fact  that  the  waters  of  field-drains  usually  contain  ap- 
preciable quantities  of  lime-salts,  although  they  contain  hardly  any 
potash  or  phosphoric  acid,  whence  it  appears  that  in  rainy  regions 
lime  must  continually  be  leached  out  from  the  surface  soil  by  rain- 
water—  as  a  nitrate,  a  chloride,  a  bicarbonate  or  a  sulphate  —  and 
carried  in  part  into  the  subsoil  and  in  some  part  out  of  the  land. 
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As  Hilgard  has  insisted,  it  is  because  of  this  leaching  action  that 
subsoils  in  Europe  and  in  our  Atlantic  States  are  apt  to  contain 
more  carbonate  of  lime  than  surface  soils,  and  that  the  soils  of 
valleys  are  often  more  calcareous  than  those  of  the  adjacent  up- 
lands. 

In  many  districts,  the  farmers  are  accustomed  to  make  good 
this  loss  of  lime  by  applying  lime  or  chalk  or  marl  to  the  land  ; 
but  it  is  a  curious  and  an  extremely  interesting  fact  that  in  arid 
regions  where  not  enough  rain  falls  to  exert  much  solvent  action, 
carbonate  of  lime  tends  to  accumulate  in  the  surface  soils  and  is 
not  removed  therefrom.  (See  end  of  Chapter  XVI  in  this  Volume.) 
Practically  speaking,  the  arid  lands  have  all  been  marled  naturally. 
As  was  just  now  said,  analysis  shows  twelve  times  as  much  lime 
in  good  agricultural  soils  in  our  arid  States  as  is  found  in  the  non- 
calcareous  soils  of  the  eastern  coast. 

Familiar  examples  of  the  leaching  action  in  rainy  regions  are 
seen  in  the  stalactites  which  form  in  the  cellars  and  caves  in  lime- 
stone countries,  and  sometimes  in  tile-drains  which  have  been  laid 
in  soils  naturally  highly  calcareous  or  in  those  which  have  been 
heavily  and  frequently  marled.  After  a  number  of  years,  it  may 
happen  that  the  tiles  will  become  more  or  less  incrusted  with  the 
lime-carbonate,  and  it  is  held  to  be  inadvisable  to  use  small  tiles 
on  such  soils,  lest  they  should  be  obstructed  in  places  where  the 
flow  of  water  is  habitually  somewhat  checked  or  impeded. 
Lime  changes  Soil-texture, 

There  is  no  question,  either  that  lime  may  or  that  it  does  actu- 
ally exert  a  very  powerful  influence  to  alter  the  mechanical  con- 
dition or  texture  of  soils  to  which  it  is  applied.  Sometimes  this 
alteration  must  be  beneficial,  and  at  other  times  detrimental ;  and 
this  circumstance  is  of  itself  sufficient  to  explain  why  lime  is  es- 
teemed in  some  districts  and  not  in  others. 

A  very  little  attention  to  the  way  in  which  lime  acts  in  mortar 
will  make  this  assumption  clear.  If  a  thick,  smooth  paste  of 
slaked  lime  and  water  be  spread  thinly  upon  the  surface  of  a 
stone,  or  upon  a  piece  of  wood,  and  left  to  dry  there,  it  will  be 
found  that  the  film  of  dried  lime  adheres  to  the  smooth  surface 
with  great  tenacity ;  and  since  in  the  process  of  drying  a  good 
part  of  the  lime  has  changed  to  the  state  of  a  carbonate,  it  cannot 
readily  be  washed  away  even.  A  familiar  example  of  this  adhesion 
is  seen  in  ordinary  whitewashing. 
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It  is  essential  to  the  success  of  this  experiment  that  the  layer  of 
lime  should  be  thin;  otherwise,  it  might  crumble  ui)on  itself  in 
drying.  In  case  the  paste  be  spread  upon  a  porous  solid,  such  as 
a  brick,  for  example,  instead  of  the  wood  or  stone,  it  will  be 
noticed  that  the  lime  adheres  to  it  still  more  strongly  than  to  the 
smooth  surface,  since  some  part  of  the  layer  has  struck  root,  as  it 
were,  in  the  pores ;  and  in  case  dry  loam  were  taken  instead  of 
the  brick,  the  adherence  would  doubtless  be  still  stronger. 

Now  mortar  is  nothing  more  than  a  lime  paste,  into  which  so 
many  little  stones  (grains  of  sand,  that  is  to  say)  have  been  put 
that  no  more  than  a  thin  layer  of  lime  shall  be  in  contact  with 
each  one  of  these  stones.  But  when  a  field  is  dresse^i  with  lime, 
the  lime  paste  formed  by  the  union  of  the  lime  with  water  must  ad- 
here to  the  particles  of  soil  in  a  manner  analogous  to  that  now  in 
question,  and  the  physical  character  of  the  soil  must  be  very  much 
altered  by  this  adherence.  The  power  of  the  soil  to  lift  water  by 
capillary  action  will  be  changed,  and  in  some  cases  it  will  be  very 
much  improved,  while  in  other  cases  it  will  be  diminished. 

Marshall  has  said  that  before  the  use  of  lime  became  prevalent 
in  the  central  valley  of  Yorkshire,  much  rye  was  grown  on  the 
lighter  lands  upon  the  margin  of  the  Vale,  while  in  the  Morelands 
scarcely  any  other  crops  than  rye  and  oats  were  attempted.  But 
at  the  time  he  wrote,  in  1787,  rye  was  principally  confined  to  the 
Moreland  dales,  and  even  there  the  alteration  of  the  soils  by  lime 
had  been  such  that  wheat  had  become  the  more  prevalent  crop. 
As  Hunter  taught,  long  ago,  ''The  great  excellence  of  lime  upon 
a  sandy  soil,  is  by  mechanically  binding  the  loose  particles  and 
thereby  preventing  the  liquid  parts  of  the  manure  from  escaping 
out  of  the  reach  of  the  root-fibres.  Upon  clay  the  effect  of  lime  is 
different,  for  by  means  of  the  gentle  fermentation  that  it  produces 
the  unsubdued  soil  is  opened  and  divided.  .  .  As  light  sandy  soils 
contain  but  a  small  portion  of  oleaginous  particles  we  should  be 
extremely  cautious  not  to  overdo  them  with  lime,  unless  we  can  at 
the  same  time  assist  them  liberally  with  rotten  dung,  woollen  rags, 
shavings  of  horn  and  other  manures  of  an  animal  kind." 

The  geological  formation  called  loess,  first  by  the  Germans,  but 
nowadays  by  everybody,  affords  a  stupendous  example  of  the  bind- 
ing power  of  lime.  This  extraordinary  formation  covers  several 
hundred  thousand  square  miles  in  Northern  China,  and  larger  areas 
in  other  parts  of  Asia.     It  covers  an  immense  area  in  our  own 
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Western  country.     In  China  it  is  occasionally  2,000  feet  thick, 
and  in  Europe  and  America  sometimes  150  to  200  feet  thick. 
Now  tliis  loess  is  a  calcareous  loam,  which  is  easily  crashed  in  the 
hand  to  an  almost  impalpable  powder,  and  yet  its  consistency  is 
such  that  it  will  support  itself  for  years  in  vertical  cliffs  200  feet 
high.     On  close  examination,  it  is  found  to  be  filled  with  minute 
tubular  pores,  which  branch  downward  like  rootlets,  and  these 
pores  are  lined  with  carbonate  of  lime.     It  is  to  these  tubes  that 
the  loess  owes  its  consistency  and  its  vertical  internal  structure. 
In  China,  in  particular,  ihe  loess  districts  are  extremely  fertile 
plains.     They  constitute  tiie  grain  regions  of  Northern  China, 
which  have  been  cultivated  for  more  than  4,000  years,  apparently 
with  very  little  manure.  The  porosity  of  the  soil  permits  the  eleva- 
tion of  nutritive  matters  from  a  very  great  depth,  whenever  a  rain 
has  established  a  moist  communication  with  the  ground- water. 

OverUmivg, 

In  the  North  of  Scotland  it  has  not  infrequendy  happened  that 
peaty  and  moor-land  soils,  which  are  naturally  light,  have  been 
^^  overlimed,*'  as  the  term  is ;  one  symptom  of  the  affection  being 
that  the  land  becomes  too  loose  and  open,  so  that  it  sinks  under 
the  foot  and  affords  no  proper  support  for  the  roots  of  grain-plants. 
The  inference  is,  that  tlie  texture  of  the  soil  has  been  hurt,  so  that 
it  is  no  longer  in  a  good  capillary  condition,  and  cannot  bring 
water  to  the  surface  readily  from  below. 

On  the  rice-fields  of  Japan,  applications  of  5  tons  of  lime  to  the 
acre  sometimes  cause  the  particles  of  the  soil  to  become  so  firmly 
cemented,  either  at  the  surface  or  a  few  feet  below,  that  both  the 
soil  and  the  crop  suffer  injury.  Water  stagnates  upon  the  land, 
cultivation  becomes  difficult,  and  both  the  straw  and  the  grain  of 
the  rice-crop  are  brittle  and  of  inferior  quality.  (Eellner.) 
Flocculation  by  Lime. 

Another  kind  of  mechanical  action,  even  more  important  than 
the  foregoing,  is  found  in  the  power  of  lime  to  cause  the  coales- 
cence, or  so-called  '^  flocculation,"of  the  finest  particles  of  soils  into 
coarser  granules.  If  a  quantity  of  ordinary  loam  be  washed  with 
distilled  water  upon  a  filter  until  all  soluble  saline  matters  have 
been  removed  from  it,  or — better  yet  —  if  the  loam  be  treated  first 
of  all  with  hydrochloric  acid,  to  remove  any  lime  which  may  have 
been  contained  in  it,  and  then  be  washed  with  distilled  water,  the 
character  of  the  loam  —  i.  e.  its  condition  of  tilth — will  be  materially 
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changed.  On  Btirring  some  of  the  washed  loam  into  a  large  volume 
of  distilled  water  it  will  be  noticed  that  while  the  heavier  particles 
of  earth  settle  oat  at  once,  many  of  the  lighter  paiiicles  will  remain 
in  suspension  for  a  considerable  time,  and  that  the  water  will  be  left 
permanently  muddy,  or  at  the  least  cloudy.  But  on  stirring  into 
the  muddy  liquid  a  small  quantity  of  a  salt  of  lime,  the  suspended 
particles  of  fine  earth  will  soon  cohere  to  form  flocks,  which  speedily 
fall  to  the  bottom  of  the  containing  vessel  and  leave  the  liquid 
clear.  This  experiment,  suggested  by  Schloesing,  is  a  particular 
instance  of  a  very  general  fact  observed  many  years  ago  by  F. 
Schulze,  that  muddy  liquids  can  readily  be  made  clear  by  adding 
to  them  lime-water  and  certain  other  chemical  agents.  Schulze 
noticed,  in  particular,  that  extremely  minute  particles  of  clay,  such 
as  will  never  settle  in  a  mud-puddle,  will,  on  the  addition  of  small 
quantitieii  of  lime,  bicarbonate  of  lime,  or  the  like,  speedily  floccu- 
late or  coagulate  into  larger  aggregations,  which  soon  settle  out  and 
leave  the  water  clear.  The  sedim^it  thus  obtained  is  of  much 
looser,  lighter  character  than  clay  or  mud  which  has  settled  by 
itself,  and  this  looseness  of  texture  or  friability  persists  when  the 
sediment  is  dried. 

Schulze's  experiments  and  observations  have  been  repeated  both 
by  Schloesing  and  by  Hilgard,  and  it  is  now  weU  known  that  lime 
has  a  very  remarkable  power  to  act  in  this  way  upon  all  extremely 
fine  particles  of  matter,  and  thus  to  improve  the  texture  of  clays 
and  silts  and  fine  loaims,  such  as  would  naturally  be  too  muddy  or 
cohesive.  Not  only  does  the  presence  of  lime  in  a  soil  hinder  the 
floating  about  of  the  colloid  clay,  but,  as  Schloesing  has  remarked, 
it  tends  to  assure  some  semblance  of  permanence  to  whatever  of 
good  tilth  may  have  been  obtained  by  the  operations  of  tillage. 
lAme  may  Increase  PermeabUity. 

Again,  there  is  in  ordinary  soils  on  an  average  about  50%  by  vol- 
ume of  open,  ^^  empty  "  space,  which  is  divided  up  by  a  vast  num- 
ber of  grains  of  sand  and  clay,  but  the  manner  in  which  this  empty 
space  is  divided  is  of  immense  practical  importance.  It  is  essential 
in  order  that  good  crops  may  be  grown  that  the  open  spaces  in  a 
soil  shall  neither  be  too  large  nor  too  small,  and  in  many  cases  it  is 
advantageous  to  treat  a  soil  in  such  manner  that  the  soil  particles 
and  the  air  spaces  shall  not  be  uniform  but  of  uneven  size. 

In  the  case  of  a  stiff  clay,  for  example,  where  the  small  solid 
particles  are  so  evenly  distributed  that  the  separate  empty  spaces 
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between  the  grains  are  of  nearly  equal  size,  water  will  necessarily 
move  about  more  slowly  than  would  be  the  case  after  some  of  the 
fine  particles  have  been  flocculated  and  made  to  adhere  to  one 
another  more  closely  and  to  the  larger  grains  of  sand  also,  for  in 
this  way  some  of  the  open,  empty  spaces  will  be  made  laiger  and 
others  exceedingly  small.  Hence  when  lime  is  applied  to  a  close, 
tight  clay  in  which  water  moves  but  slowly,  and  flocculation  oc- 
curs, many  of  the  particles  of  clay  are  brought  closer  together  and 
larger  open  spaces  are  formed  in  the  soil.  '^In  the  clays  of  the 
Potomac  formation  in  Maryland  the  grains  are  very  evenly  dis- 
tributed, and  the  flow  of  water  is  so  extremely  slow  that  the  soil  is 
practically  impervious  to  water.  In  such  a  soil  a  rapidly  growing 
plant  might  perish  for  lack  of  sufficient  water  supply,  when  it  had 
been  shown  by  analysis  that  the  soil  contained  a  large  amount  of 
water.  The  movement  of  water  would  be  so  slow  that  the  soil 
could  not  supply  the  plant  with  water  rapidly  enough  for  its  need, 
and  the  plant  would  suffer  for  water  as  in  a  light,  sandy  soil."  (M. 
Whitney.) 

To  illustrate  the  mode  of  action  of  lime  on  clay,  Sachsse  and 
Becker  mixed  intimately  a  weighed  quantity  of  a  heavy  clay  loam 
with  2%  of  quicklime,  and  packed  the  mixture  in  a  wide  glass 
tube,  across  the  lower  end  of  which  a  piece  of  lace  had  been  tied. 
For  the  sake  of  contrast,  another  tube  was  charged  with  a  similar 
quantity  of  the  loam  to  which  no  lime  had  been  added,  and  in  each 
case  the  column  of  soil  was  made  to  be  15  cm.  high.  On  pouring 
water  into  the  tubes  it  was  noticed  that  in  the  absence  of  lime  the 
water  penetrated  the  loam  to  a  depth  of  but  little  more  than  8  cm. 
in  the  course  of  2.5  hours,  and  that  the  mud  then  became  wholly 
impermeable.  During  the  next  day  no  water  dropped  from  the 
bottom  of  the  column  of  earth,  although  there  was  a  layer  of  water 
16  m.  m.  thick  lying  on  top  of  the  earth.  But  in  the  tube  charged 
with  the  mixture  of  loam  and  lime,  water  passed  through  the  15 
cm.  column  of  soil  in  an  hour  and  ten  minutes,  and  thereafter  it 
continued  to  drop  regularly  from  the  bottom  of  the  tube.  Of 
61.2  c.  cm.  poured  into  the  tube,  22.5  c.  cm.  passed  out  at  the 
bottom,  and  38.7  c.  cm.  were  held  by  the  soil. 

In  a  similar  experiment  made  with  kaolin  mixed  with  2  %  of 
lime,  water  passed  regularly  and  gradually  downward  through  the 
tube,  so  that  in  the  course  of  an  hour  and  fifty  minutes  the  whole 
of  the  kaolin  was  wetted.    Of  40  c.  cm.  water  that  were  poured 
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into  the  tube,  19  c.  cm.  were  caught  as  a  filtrate.  In  the  case  of 
kaolin  alone  that  contained  no  lime,  the  action  of  the  water  was 
not  a  little  remarkable.  It  passed  quickly  into  all  parts  of  the 
kaolin,  and  a  few  drops  of  it  even  fell  from  the  bottom  of  the 
column,  but  the  mud  immediately  became  impermeable,  and  the 
kaolin  swelled  to  such  an  extent  that  the  tube  burst. 
Loam  is  made  Muddy  by  WashiTig. 

It  had  often  been  noticed  by  experimenters,  seeking  to  wash 
out  from  soils  the  soluble  matters  which  are  contained  in  them, 
that  the  first  portions  of  wash-water  flow  off  clear  enough,  but  that 
the  succeeding  portions  are  cloudy  from  the  presence  of  suspended 
matters,  notably  minute  particles  of  clay.  On  encountering  this 
difficulty  Schloesing  found  that  he  could  overcome  it,  at  least  for 
the  soil  he  had  in  hand,  by  passing  a  current  of  carbonic-acid  gas 
through  the  soil  while  he  was  washing  it ;  and  he  concluded  that 
the  formation  of  bicarbonate  of  lime,  by  this  device,  was  the  cause 
of  the  filtrates  remaining  clear.  Undoubtedly  the  bicarbonate  does 
act  in  this  way,  but  it  is  now  known  that  carbonic-acid  water  by 
itself  has  the  power  to  flocculate  clay,  and  that  as  a  general  rule 
acids  are  highly  efficient  agents  for  accomplishing  this  purpose. 
Many  saline  substances  have  a  similar  power,  though  with  the  ex- 
ception of  certain  acid  salts  —  such  as  the  sulphates  and  chlorides 
of  iron  and  of  alumina,  superphosphate  of  lime,  or  the  like  — 
few  of  them  act  so  quickly  and  so  decidedly  as  caustic  lime  and 
the  true  acids,  such  as  muriatic  acid,  for  example. 

Alum  has  long  been  used  in  eastern  countries  for  clarifying 
muddy  waters,  and  as  it  is  now  known  sea-salt  acts  in  this  way  to 
keep  the  oceans  clear. 

lAvne  Clears  Muddy  Water, 

Schulze  noticed  that  while  lime  and  compounds  of  lime,  acids  of 
various  kinds,  salts  of  potash  and  of  soda,  carbonate  of  ammonia, 
and  many  other  substances,  acted  to  flocculate  the  particles  of 
matter  suspended  in  muddy  liquids,  ammonia-water  had  no  power 
to  do  so.  Schloesing  corroborated  these  results,  and  noticed  that 
turbid  clay-water  was  precipitated  immediately  when  one  one- 
thousandth  part  of  chloride  of  calcium  was  added  to  one  part  of 
the  liquid,  and  in  the  course  of  a  few  minutes,  when  no  more  than 
two  ten -thousandth  parts  of  the  chloride  were  added ;  but  when 
the  proportion  of  the  chloride  was  reduced  to  one  fifty -thousandth 
part,  two  or  three  days'  time  were  required  for  the  clarification  of 
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the  liquid.  He  found  that  nitrate,  sulphate,  bicarbonate  and  hy- 
drate of  calcium  acted  like  the  chloride,  and  that  magnesium  salts 
were  almost  as  effective  as  those  of  calcium.  Potash  salts  on  the 
contrary  had  to  be  used  in  quantities  about  5  times  as  large  aa 
those  of  calcium  in  order  to  produce  the  same  effect,  and  sodium 
salts  were  still  less  active  than  those  of  potash. 

Similar  results  were  obtained  with  muddy  liquors  prepared  with 
loams ;  they  could  be  clarified  quickly  by  a  few  ten-thousandths  of 
a  lime  salt,  and  a  few  hundred-thousandtlis  were  sufficient  to  pre- 
cipitate the  suspended  matter  in  the  course  of  24  or  48  hours.  Un- 
like the  acids,  alkaline  solutions  do  not  act  to  flocculate  clay. 
Unless  the  solution  of  alkali  be  concentrated,  it  will  not  precipitate 
clay-liquor,  but  will  favor  the  retention  of  the  clay  in  suspension. 
No  matter  what  the  precipitant,  as  soon  as  the  coagulated  clay  has 
been  freed  from  the  substance  that  threw  it  down,  it  regains  its 
power  of  remaining  suspended  in  water,  and  it  can  again  be  pre- 
cipitated therefrom  on  adding  lime. 

Schulze  found  that  1  part  of  slaked  lime  in  20,000  parts  of  water 
was  competent  to  clarify  mud-puddle  liquor.  A  quantity  of  milk 
of  lime  that  contained  no  more  than  half  of  one  per  cent  of  slaked 
lime  was  sufficient  to  clear  up  a  muddy  liquor  prepared  by  sturing 
10  c.  c.  of  clay  into  100  c.  c.  of  water.  Numerous  results  of  simi- 
lar import  have  been  obtained  by  other  observers.  It  has  been 
noticed  repeatedly  that  while  bicarbonate  of  lime,  as  well  as  vari- 
ous saline  matters  and  acids,  are  highly  efficient  agents  for<$larifying 
clay-water,  small  quantities  of  the  alkalies  and  alkaline  carbonates 
tend  to  prevent  the  flooculation  «id  precipitation  of  suspended  clay. 
According  to  M.  Whitney,  the  opposite  effects  produced  by  the 
soluble  alkalies  and  by  lime  may  readily  be  shown  by  stirring  some 
clay  in  water  to  which  a  trace  of  ammonia  has  been  added,  and 
putting  a  drop  of  the  turbid  liquor  under  the  cover  glass  of  a 
microscope.  It  will  be  seen  that  the  fine  particles  of  clay  cannot 
come  close  together,  or  that  they  are  actually  repelled.  But  on 
adding  a  trace  of  lime,  the  particles  of  clay  will  gather  together  in 
light  flocks,  which  not  only  approach  each  other,  but  are  held 
tc^ether  by  some  force. 

Fuddled  and  OranukUed  Soils. 

As  was  explained  under  the  head  of  Tillage,  there  are  certain 
processes  in  the  arts  where  the  object  is  to  make  particles  of  clay 
or  earth  as  fine  and  adhesive  as  possible,  as  in  the  processes  of 
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tamping,  puddling,  and  kneading.  But  in  agriculture  it  often 
happens  that  it  is  desirable  to  do  away  with  the  tamped,  puddled, 
adhesive  condition  into  which  soils  are  apt  to  fall,  and,  for  the 
reasons  above  stated,  lime  is  one  prime  agent  for  effecting  this  re- 
sult. 

The  importance  of  lime  in  this  regard  may  be  shown  by  a  rather 
striking  experiment  of  Hilgard's,  as  follows:  *' Let  any  clay  or 
tough  clay  soil,"  he  tells  us,  '^  be  worked  into  a  plastic  mass  with 
water  aud  then  dried ;  the  result  will  be  a  mass  of  almost  stony 
hardness.  But  on  adding  to  some  of  the  same  paste  no  more  than 
half  of  one  per  cent  of  caustic  lime,  a  diminution  of  plasticity  will 
be  obvious  at  once,  even  while  the  clay  is  wet,  and,  on  drying,  the 
mass  will  fall  into  a  pile  of  crumbs  at  a  mere  touch."  Thus  it  is 
that  by  liming  clay  soils  they  may  be  made  "warmer,"  "  mellower," 
and  of  better  tilth. 

Schloesing  found  that  lime-water  was  more  effective  than  any 
other  calcium-compound  for  coagulating  mud-puddle  liquor,  i.  e. 
clay-water ;  and  both  he  and  Hilgard  find  that  no  other  chemicals 
are  so  powerful  in  this  respect  as  the  lime-compounds.  Hilgard 
made  carbonic-acid  gas  bubble  through  a  magma  of  limed  clay  for 
24  hours  to  destroy  the  causticity  of  the  lime,  but  the  plasticity  of 
the  clay  was  not  restored,  not  even  after  the  mass  had  dried,  for  in 
this  case  nothing  was  done  to  break  down  the  flocks. 

Once  get  the  fine  particles  granulated,  no  matter  by  what  means, 
and  they  will  stay  so  until  they  are  subjected  to  kneading,  tamping, 
puddling,  or  washing.  This  result  agrees  with  practical  experience. 
On  some  kinds  of  soils  farmers  find  that  the  "  lightening"  effect 
of  a  liming  lasts  for  years,  and  is  never  entirely  lost.  So  too,  it 
is  known  that  marling  produces  similar  lightening  effects  to  lime, 
though  the  action  of  the  marl  is,  naturally  enough,  weaker  than 
that  of  the  lime.  The  influence  of  the  marl  will  depend  on  that  of 
bicarbonate  of  lime  formed  by  the  solvent  action  of  the  carbonic- 
acid  water  in  the  soil  upon  the  carbonate  of  lime  in  the  marl. 
Whereas,  in  case  land  is  limed,  it  is  to  be  remembered  that,  since 
caustic  lime  itself  is  somewhat  soluble  in  water,  the  solution  of  it 
(lime-water)  will  soak  into  the  soil  in  all  directions  around  each 
particle  of  solid  lime,  and  so  extend  the  limit  of  its  influence. 

It  is  an  interesting  experiment  to  put  a  handful  of  noncalcareous 
clayey  soil  upon  a  funnel  and  cause  a  slow  stream  of  rain-water  to 
flow  steadUy  upon  it.     For  a  time  the  water  which  passes  through 
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the  clay  will  be  seen  to  drop  bright  and  clear  from  the  funnel- tube, 
but  after  a  while  the  drops  of  filtrate  begin  to  appear  muddy,  aod 
the  mass  of  clay  finally  becomes  so  muddy  and  adhesive  that  no 
water  can  pass  through  it  and  the  funnel  is  choked.  But  if,  at 
the  moment  when  the  drops  of  filtrate  first  begin  to  be  muddy , 
some  lime  be  sprinkled  upon  the  surface  of  the  clay,  the  tendency 
to  form  mud  will  be  checked,  a  clear  filtrate  will  again  pass  through 
the  funnel  tube  and  will  continue  to  do  so  until  all  the  lime  has 
been  dissolved  and  washed  away. 

Thus  it  is,  when  rain  falls  continuously  on  unlimed  clay-land,  that 
the  water  soon  ceases  to  be  absorbed,  because  the  clay  at  the  sur- 
face of  the  soil  has  become  puddled.  In  case  the  field  is  flat,  mud- 
puddles  will  form  upon  it ;  while  from  hillsides  streams  of  turbid 
water  will  flow  away  and  carry  off  large  quantities  of  the  finely- 
divided  soil.  It  is  only  long  after  the  rain  has  ceased,  and  after 
enough  moisture  has  evaporated  from  the  surface  of  the  soil  to  in- 
duce a  strong  capillary  movement  from  below  upward,  that  saline 
matters  are  brought  to  the  surface  in  sufilcient  quantity  to  mitigate 
in  some  degree  the  plasticity  of  the  clay,  and  to  enable  the  soil 
again  to  permit  some  rain-water  to  soak  into  it.  (Aitken.) 
Actio7i  of  Lime  on  Clay, 

A  more  methodical  method  of  experimenting  to  illustrate  the 
effect  of  lime  on  clay  has  been  adopted  by  Pearson.  He  dried 
and  pulverized  three  different  clay  soils,  sifted  them  to  the  same 
d^ree  of  fineness,  and  mixed  portions  of  them  with  quicklime, 
which  was  added  to  the  amounts  of  0.25,  0.50,  and  2.5  %  respec- 
tively. These  mixtures  of  clay  and  lime  were  made  into  a  paste 
with  water  and  were  then  dried,  ground  and  sifted,  as  the  clay  had 
been.  Definite  quantities  of  the  materials  were  carefully  placed  in 
glass  tubes,  pains  being  taken  to  bring  all  the  samples  to  the  same 
state  of  compactness  in  the  tubes.  The  powders  were  filled  into 
the  tubes  to  a  depth  of  two  inches,  each  of  them  was  covered  with 
half  an  inch  of  sand,  and  a  gentle  stream  of  water  was  made  to 
fiow  into  the  tubes  until  there  was  a  column  of  it  two  inches  deep 
resting  upon  the  sand.  Finally,  the  time  required  for  the  water 
to  disappear  below  the  sand  was  noted.  It  appeared  in  every  in- 
stance that  the  water  percolated  much  more  rapidly  through  the 
limed  clays  than  through  the  crude  clay.  I'he  following  table 
gives  the  rate  of  percolation  as  taken  from  the  average  results  of 
three  trials  with  each  of  the  samples. 
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Material  operated  upon.  Lapse  of  time  during  the  percolatloiia. 

Sample  No.  I.  Sample  No.  II.  Sample  No.  III. 

days.    hn.     min.  days.     hrs.     min.  days.     tan.    min. 

Clay,  withoat  any  lime    .    .       6         4         17  12         11         28  26         19         0 

Clay,  with  0.25%  of  lime     .01242  10          246  723       16 

Clay,  with  0.50%  of  lime     .09         57  6          690  2         12       30 

Clay,  with  2.6%  of  lime.    .0265  0820  070 

In  calling  attentioii  to  the  striking  difference  between  the  6  days 
and  more  that  were  required  in  order  that  2  inches  of  water  should 
percolate  through  2  inches  of  the  crude  clay  numbered  1 ,  and  the 
half  day  which  sufficed  for  the  completion  of  the  same  amount  of 
work  after  the  clay  had  been  mixed  with  a  quarter  of  one  per  cent 
of  lime,  Pearson  remarks,  '^  Had  the  test  consisted  of  pouring  2 
inches  of  water  upon  wet  soil  instead  of  upon  dry,  the  contrast 
would  have  been  still  greater."  He  notes  also  that  soil  No.  3, 
which  in  its  crude  state  required  from  23  to  31  days  for  2  inches 
of  water  to  percolate  through  it,  allowed  the  water  to  pass  in  seven 
hours  after  the  soil  had  been  mixed  with  2.5  %  of  lime. 
Importance  of  Lime  on  Clays. 

The  improvement  of  the  texture  of  clayey  soils  that  results  from 
the  use  of  lime,  and  of  lime  carbonate,  is  a  practical  fact  of  the 
very  first  importance,  for  such  soils  become  compai*atively  open, 
mellow  and  porous,  and  much  less  apt  than  mere  clay  to  be  baked 
into  hard  crusts  or  clods  on  drying.  Thanks  to  the  fact  that  water 
can  now  percolate  through  them  instead  of  being  held  too  tena- 
ciously, they  lose  much  of  their  former  coldness  and  become  warm, 
both  because  the  excess  of  water  can  drain  out  from  the  soil,  and 
because  air  can  enter  the  pores  to  take  the  water*s  place.  In- 
stances are  not  wanting  in  the  history  of  agriculture  where  regions 
of  sticky,  clayey  soils  have  become  fertile  on  the  discovery  that 
the  unfriendly  soil  could  be  made  better  by  means  of  lime  or  marl. 
The  benefits  derivable  from  such  amelioration  may  readily  be  con- 
ceived on  considering  how  difficult  it  is,  generally  speaking,  to  cul- 
tivate clays,  and  how  much  trouble  has  to  be  taken  in  order  that 
young  trees  may  be  made  to  grow  on  clays  that  are  somewhat  re- 
fractory. According  to  Evelyn,  '^  It  is  observed  that  oaks  which 
grow  in  obstinate  clay^  are  loi^  before  they  come  to  any  consider- 
able stature  (for  all  sorts  of  clay  is  held  but  a  step-mother  to  trees), 
but  in  time  they  afford  the  most  excellent  timber,  having  stood 
long  and  got  good  footing."  G.  B.  Emerson,  in  his  ''  Report  on 
the  Trees  and  Shrubs  of  Massachusetts,"  has  remarked  that  '^  the 
northern  and  southern  sides  of  Boston  are  not  essentially  unlike  in 
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their  natural  features ;  yet  the  hills  of  Brookline  and  Roxbury, 
capped  with  hickory,  and  whose  sides  are  clothed  with  oaks  and 
pines,  give  the  impression  of  a  rich  and  happy  country,  of  which 
only  pleasant  memories  are  carried  away,  while  the  bare  hills  of 
Chelsea  suggest  images  of  bleak  and  barren  desolation."  This 
statement  may  be  emphasized  by  adding,  that  the  bare  Chelsea 
hills,  like  those  of  the  neighboring  bare  islands  in  Boston  Harbor, 
are  composed  of  stiff,  unfriendly,  glacial  clay;  which,  though 
easily  "  cleared  "  by  the  first  "  planters,"  and  still  esteemed  to  be 
good  land  for  grass,  is  not  well  suited  for  the  growth  of  young 
trees.  The  wooded  heights  of  Roxbury  and  Brookline,  on  the 
contrary,  are  for  the  most  part  gravelly  or  rocky. 

The  geologist,  J.  D.  Whitney,  has  insisted  once  and  again  that 
the  extreme  fineness  of  many  prairie  soils  at  the  West  is  the  chief 
reason  why  these  prairies  were  bare  of  trees  when  first  discovered. 

Schuebler  long  ago  called  attention  to  certain  shaly  marls  rich 
in  clay,  abundant  in  Wurtemberg,  which  occur  in  the  form  of  fine 
shaly  gravel  when  freshly  dug  up,  and  retain  this  structure  for  a 
long  time  when  left  at  rest,  even  when  exposed  to  repeated  changes 
in  respect  to  heat,  cold,  wetness  and  dryness.  In  this  natural 
state  they  are  regarded  as  dry,  loose,  so-called  hot  earth,  which  is 
on  this  last  account  often  applied  to  vineyards  for  their  improve- 
ment. But  after  weathering  for  2  or  3  years —  or  when  reduced 
to  fine  powder  by  long-continued  rubbing  —  this  gravelly  marl 
acquires  all  the  physical  properties  of  a  heavy,  cold  clay-land, 
through  which  moisture  can  pass  only  with  difiSculty. 
Some  Silts  need  to  he  Limed. 

Wicke,  in  publishing  analyses  of  several  very  finely-divided 
clayey  silts  from  the  Oldenburg  marshes,  which,  though  of  excel- 
lent chemical  composition,  are  notoriously  infertile,  — so  much  so, 
indeed,  that  the  farmers  when  ploughing  take  particular  care  not 
to  turn  them  up  from  the  subsoil,  —  admits  his  inability  to  explain 
their  barrenness,  unless  it  depends  on  the  fineness  of  their  parti- 
cles, and  their  consequent  plasticity  and  liability  to  form  stone-like 
clods  in  drying.  Some  of  these  soils  have  been  improved  by  dress- 
ing them  with  gravel,  and  others  by  means  of  lime  and  by  marl.  I 
have  myself  observed,  in  pot  experiments,  on  attempting  to  grow 
plants  in  pipe-clay  admixed  with  sand,  that  the  fine  particles  of 
the  clay  seemed  actually  to  clog  the  pores  of  the  plant-roots,  and 
prevent  their  development.  (See  Bulletin  of  the  Bussey  Instita- 
tion,  1884,  n,  309.) 
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In  general  it  may  be  said  that  the  plasticity  and  cohesiveness  of 
clay  are  obnoxious  to  vegetation,  unless  these  qualities  have  been 
in  some  way  mitigated.  Healthy  planets  cannot  be  grown  in  soils  so 
compact  and  moist  that  neither  air  nor  warmth  can  penetrate  them. 
But  experience  has  shown  that  lime  is  one  very  useful  agent  for 
ameliorating  the  too  great  tenacity  of  clay.  In  some  parts  of 
England,  the  quantity  of  lime  to  be  applied  to  clay-land  was 
specified  in  the  agreements  between  landlords  and  tenants.  One 
form  of  contract  was  that  tlie  fallow  fields  should  receive  100  bushels 
of  lime  and  12  cubic  yards  of  manure  to  the  acre.  It  was  con- 
sidered to  be  good  practice  to  spread  the  manure  on  the  land  before 
the  stubble  was  ploughed,  in  order  that  the  land  might  be  kept 
drier  and  more  open  during  the  winter.  Sometimes  the  lime  was 
hauled  on  when  the  land  was  frozen  and  made  into  heaps  about 
the  field.  After  having  been  spread,  the  lime  was  well  harrowed, 
it  having  been  thought  a  matter  of  much  importance  that  it  should 
be  distributed  through  the  soil  as  completely  as  possible. 

It  has  been  maintained  by  some  writers,  and  denied  by  others, 
that  plants  often  vegetate  more  rapidly  in  good  soil  that  has  been 
limed  than  upon  that  which  has  received  no  lime ;  that  is  to  say, 
some  persons  have  urged  that  the  time  required  for  a  crop  to  grow 
and  ripen  is  usually  rather  shorter  on  limed  land  than  on  that  which 
has  not  been  limed.  It  is  evident  that  the  idea  might  be  generally 
true  as  regards  unfriendly  clays,  because  of  the  improved  mechan- 
ical condition  of  the  clay  whereby  it  may  become  comparatively 
'*  warm  "  as  well  as  mellow. 

Meanwhile,  it  should  not  be  forgotten  that  —  no  matter  how  im- 
portant lime  may  be  for  improving  heavy  clays  —  there  must  be 
some  soils,  containing  small  proportions  of  clay,  where  lime  might 
do  serious  harm  by  coagulating  the  clay  and  thereby  changing  the 
capillary  power  of  the  soil  and  impairing  its  capacity  to  retain 
moisture.  As  will  appear  in  the  next  paragraph,  this  remark 
would  apply  specially  to  some  kinds  of  light  soils  that  contain  but 
little  organic  matter. 

Importance  of  Lime  for  Sands. 

On  the  light,  sandy  soils  of  southern  Maryland,  lime  is  considered 
to  be  "  the  best  fertilizer,"  provided  there  is  enough  organic  mat- 
ter in  the  soil  "  for  the  lime  to  act  upon,"  otherwise  it  will  '*  bum 
out  the  land."  Where  lime  is  applied  in  that  region,  clover  or  some 
other  green  manuring,  or  stable-manure,  are  considered  to  be  neces- 
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sarj  adjuncts.  It  has  been  shown  by  M.  Whitney  that  the  merit  of 
this  combination  of  lime  and  organic  matter  depends  on  its  power 
of  making  the  sandy  hind  much  more  retentive  of  moisture  than  it 
was  naturally.  He  found  by  experiment  that,  '^  An  inch  in  depth, 
of  water  will  pass  through  six  inches  in  depth  of  the  coarse  sandy 
subsoil  of  the  pine-barrens  in  about  five  minutes.  A  little  lime 
added  to  this  sand  will  slightly  diminish  the  time  necessary  for  the 
water  to  flow  through.  A  filtered  extract  of  stable-manure,  with- 
out the  lime,  passes  through  without  materially  affecting  the  rate 
of  flow ;  but  if  the  lime  is  first  added  to  the  soil  and  then  the  solu- 
tion of  organic  matter  is  passed  through,  the  organic  matter  is 
precipitated  from  the  solution  within  the  soil  by  the  lime,  in  light, 
flocculent  masses,  and  the  liquid  comes  through  quite  colorless, 
and  the  rate  of  flow  becomes  slower  and  slower,  until  this  coarse 
sand  may  become  almost  imperyions  to  water." 

As  has  been  stated  already  under  the  head  of  Fish- Waste,  and 
as  will  be  set  forth  more  in  detail  under  Sewage,  many  organic 
matters  can  be  thus  coagulated  and  precipitated  from  their  solu- 
tions by  means  of  Hxae. 

In. other  expeiiments,  made  upon  coarse,  sharp  building  sand, 
Whitney  found  that  filtered  bamy&rd-liquor  might  pass  unaffected 
through  the  sand,  but  in  case  lime  (or  certain  other  fertilizing  sub- 
stances) were  added  to  the  sand,  the  organic  matter  of  the  manure 
was  precipitated  and  retained,  as  in  a  soil  proper.  In  case  the  upper- 
most inch  of  sand  was  mixed  with  lime  and  treated  with  the  dung- 
liquor,  it  speedily  assumed  the  dark  color  of  loam  resting  on  a  hght 
sandy  subsoil,  with  a  sharp  line  of  demarcation  between  them.  In 
Whitney's  own  words,  ^^  Ab  a  matter  of  fact,  there  is  no  soil  which 
responds  so  readily  to  lime  as  these  light  sandy  lands,  when  suf- 
ficient oi^anic  matter  is  added,  or  is  present,  for  the  lime  to  act 
on.  .  .  .  To  change  the  physical  condition  and  texture  of  a  soil 
so  as  to  make  it  more  retentive  of  moisture,  there  are  two  possible 
lines  of  procedure  which  may  be  clearly  recognized  and  defined. 
The  soil-grains  may  be  pushed  further  apart,  not  necessarily  so 
that  the  volume  of  empty  space  wiU  be  increased,  but  that  the  fine 
grains  of  clay  shall  be  pushed  further  out  from  the  larger  grains 
of  sand,  so  that  the  grains  will  have  a  more  symmetrical  arrange- 
ment within  the  soil,  or,  if  the  grains  have  already  such  an  ar- 
rangement as  to  give  the  full  value  to  the  clay,  this  skeleton 
structure  can  be  filled  in  with  organic  matter  by  precipitation  of 
organic  matter  within  the  soil." 
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Liming  destroys  Insects^  Worms,  ajid  Fungi. 
While  carbonate  of  lime  is  helpful  for  nitrification,  lime  proper, 
i.  e.  slaked  lime,  is  regarded  as  a  cure  for  some  hurtful  fungi.  The 
liming  of  seed-grain  to  destroy  the  fungus  which  causes  '^  rust "  or 
^'  smut "  has  long  been  usual.  The  use  of  lime  upon  turnips,  as  a 
check  to  the  finger-and-toe  disease,  has  already  been  mentioned ; 
and  I  can  myself  bear  witness  that  I  have  grown  exceptionally  fair 
and  smooth  rutabagas  during  three  consecutive  years  upon  limed 
land  at  the  Bussey  Institution,  though  no  farmer  in  the  vicinity 
would  venture  to  try  to  grow  turnips  year  after  year  on  any  one 
field,  because  of  their  liability  to  the  disease  called  "  club  foot." 

There  is  corroborative  evidence,  it  should  be  said,  which  tends  to 
show  that  the  lime  really  acts  in  these  cases  to  destroy  the  pests. 
Thus,  Gillespie,  writing  of  the  County  of  Dumfries  in  Scotland,  has 
said:  '^Lime  put  upon  stubble  or  sod-land  has  often  been  found 
effective  in  guarding  against  the  disease  called  "  finger-and-toe." 
One  promoting  cause  of  the  disease  is  giving  affected  turnips  to 
sheep  or  cattle  upon  sod-land  or  stubbles  which  are  about  to  be 
ploughed  for  growing  a  turnip  crop.  I  am  acquainted  with  several 
persons  who,  after  lengthened  and  careful  observations,  have  never 
known  this  to  fail  in  bringing  on  the  disease." 

It  has  been  remarked  also  that  in  the  County  of  Aberdeen  in  Scot- 
land turnips  are  more  subject  to  finger-and-toe  than  they  are  in  Nor- 
folk in  England,  although  both  these  counties  are  composed  chiefly 
of  light  turnip-soils,  and  although  the  crop  has  been  cultivated  twice 
as  long  in  Norfolk  as  in  Aberdeenshire  and  in  a  much  shorter  rota- 
tion. But  in  Norfolk  the  climate  is  rather  dry  and  the  sky  is 
measurably  bright,  and  the  conditions  are  not  favorable  for  the  ac- 
cumulation of  organic  matter  in  the  soil;  while  in  Aberdeenshire  the 
climate  is  moist  and  cloudy  and  favorable  for  the  accumulation  in  the 
soil  of  the  organic  remains  of  plants,  <<  some  kinds  of  which  —  and 
notably  that  left  by  turnips  —  act  injuriously  upon  succeeding  crops." 

Evershed,  writing  in  1853,  has  said,  of  the  county  of  Surrey 
(England),  "  Liming  is  now  chiefly  valued  as  a  preventive  of  club 
in  turnips,  for  which  purpose  its  good  effects  are  very  remarkable, 
and  are  frequently  to  be  seen  after  the  lapse  of  many  years.  There 
are  instances,  on  the  loams  of  the  greensand,  of  excellent  crops  of 
turnips  being  grown  on  land  which  had  been  limed  twelve  years 
before,  while  the  club  has  been  destructive  on  similar  soils  and  even 
in  the  same  field  where  the  lime  has  been  omitted. 

In  an  account  of  Oxfordshire,  England,  written  in  1855,  it  is  said, 
"  Lime  is  used  on  land  recently  broken  up  and  on  peaty  soils,  and 
also  on  the  light  redlands;  but  it  is  principally  applied  as  a  dressing 
to  cure  the  "  club-root "  and  '*  fingers-and-toes  "  in  turnips.  Some 
land  requires  80  bushels  of  lime  every  8  or  12  years  in  order  that 
roots  can  be  grown  upon  it  with  any  certainty.  Not  only  do  turnips 
suffer,  but  the  club-root  even  attacks  mustard  and  rape.  The  lime  is 
applied  to  the  land,  while  yet  hot,  as  soon  as  it  is  slaked.    A  man 


644  AGRICULTUBK. 

follows  the  plow,  sowing  the  lime  at  the  bottom  of  the  furrow,  which 
is  covered  over  by  the  next  turn  of  the  plow  to  a  depth  of  3  or  4 
inches.  If  applied  in  this  manner  it  is  a  certain  cure  for  this  trouble- 
some disease,  and  has  never  been  known  to  fail." 

In  this  country  both  Henderson  and  Waring  have  reported  the 
successful  growing  of  cabbages  and  rutabagas  on  limed  land.  Waring 
even  obtained  excellent  results  on  spreading  air-slaked  lime  from  a 
broadcast  sower  upon  heavy  moist  land  in  the  proportion  of  a  single 
barrel  to  the  acre. 

A  writer  on  the  agriculture  of  Staffordshire,  England,  says  that, 
on  strong,  heavy  land,  the  usual  dressing  of  lime  is  from  3  to  5  tons 
to  the  acre.  Less  of  it  is  used  on  light  land,  but  it  is  applied  on 
turnip-land  at  least  once  in  12  years  at  the  rate  of  3  or  4  tons  to 
the  acre.  The  universal  use  of  it  may  be  partly  attributed  to  the 
necessity  of  a  corrective  upon  land  that  has  been  kept  for  several 
years  as  pasture  in  grass  and  clover.  The  lime  acts  as  a  medicine, 
not  as  a  manure.  It  checks  slugs,  destroys  grubs,  and  prevents  club- 
foot in  cabbages.  Wheat  grown  on  limed  land  is  brighter  and  the 
straw  stiffer  than  if  no  lime  had  been  applied. 

Lime  favors  Healthy  Growth. 

Professor  Yoelcker  has  stated  the  matter  as  follows:  '^  Every 
[British]  farmer  knows  how  essential  lime  is  for  the  healthy  growth 
of  every  kind  of  produce.  On  soils  destitute  of  lime,  most  crops, 
and  especially  green  crops,  are  subject  to  disease,  and  ^  root-<;rops ' 
are  apt  to  fail  altogether  on  such  land,  even  if  it  has  been  liberally 
manured  with  dung  or  guano.  Up  to  a  certain  stage,  grain  and 
roots  grown  under  such  conditions  appear  to  thrive  well,  but  as  the 
season  advances  they  sustain  a  check,  and  at  harvest-time  yield  a 
miserable  return.  The  cure  for  such  failures,  which  are  not  un- 
common where  poor  sandy  soils  prevail,  is  a  good  dose  of  lime  or 
marl,  and  then,  and  only  then,  dung  or  guano  may  be  applied  to 
the  greatest  advantage.  The  most  liberal  application  of  farmyard- 
manure  of  the  best  quality  never  produces  so  beneficial  and  lasting 
an  effect  on  poor  sandy  soils  as  when  they  have  been  previously 
well  marled  or  limed." 

While  it  is  not  improbable  that  some  part  of  the  good  effect  of 
lime,  in  such  cases  as  the  foregoing,  may  depend  on  its  acting  to 
mitigate  the  natural  sourness  of  the  land,  it  is  still  to  be  inferred 
that  much  of  the  good  done  by  the  lime  may  really  be  due  to  the 
destruction  of  insects  and  their  larvae,  as  well  as  earth-worms  and 
worms  of  other  kinds,  and  fungi  of  various  sorts.  Indeed,  lime- 
water,  lime,  and  mixtures  of  lime  and  salt  (or,  better  yet,  of  lime 
and  muriate  of  potash  ?)  are  often  purposely  used  by  gardeners  for 
destroying  slugs  and  worms ;  and  there  are  good  reasons  for  be- 
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lieving  that  lime  might  often  be  applied  to  the  soil  with  advantage 
in  farming  practice  also,  on  this  account 

It  has  sometimes  been  argaed  that  lime  should  be  applied  with  a 
liberal  hand,  when  the  main  purpose  of  it  is  to  free  the  soil  from 
worms  nnd  insects.  Thus  it  has  been  said  that  if  no  more  than 
3  or  4  tons  to  the  acre  are  harrowed  in,  some  insects  may  escape 
destruction  because  there  is  not  lime  enough  to  mix  with  every  part 
of  the  earth ;  but  if  as  many  as  7  or  8  tons  of  the  lime  were  to  be 
well  worked  into  the  soil,  a  thorough  clearance  would  be  made. 

It  must  always  be  borne  in  mind  that  slaked  lime  is  appreciably 
soluble  in  water,  and  although  this  '^  lime-water"  cannot  be  sup- 
posed to  continue  to  exist  very  long  in  the  soil  after  its  formation, 
in  view  of  the  large  quantities  of  carbonic  acid  which  the  pores  of 
the  soil  contain,  the  liquid  is  still  so  destructive  to  animal  life  that 
there  is  good  reason  to  believe  that,  while  it  does  last,  its  action  in 
this  way  may  often  be  of  considerable  importance. 
Lvme  versus  Slugs, 

Lime  has  sometimes  been  applied  in  England  in  the  state  of 
quicklime,  not  merely  for  the  sake  of  destroying  insects  and  worms, 
but  for  the  improvement  of  the  land,  in  the  belief  that,  by  using  it 
in  this  state,  the  decomposition  of  vegetable  matters  in  the  soil  may 
be  more  speedily  accomplished  than  in  any  other  way.  To  this  end, 
well-burnt  lime  was  piled  up  rapidly  in  winter  on  a  dry  part  of  a 
fallow  field,  in  very  large,  well-rounded  heaps.  The  first  shower 
of  rain  that  fell  slaked  enough  of  the  lime  at  the  surface  of  the 
heaps  to  form  a  protective  cmst  which  hindered  the  interior  lime 
from  falling  too  rapidly  to  powder.  After  the  land  had  been 
ploughed  and  prepared  for  sowing  in  the  spring,  this  caustic  lime 
was  spread  in  dry  weather  at  the  rate  of  from  100  to  175  bushels 
to  the  acre,  and  was  well  worked  into  the  soil  by  harrowing. 

For  the  purpose  of  destroying  slugs,  it  is  customary,  in  some  parts 
of  England,  to  sow  very  early  of  a  damp  morning  small  quantities  of 
lime  or  of  salt  upon  clover-fields  and  bean-stubbles  before  ploughing 
them,  as  a  preparation  for  grain.  When  this  work  has  been  omitted, 
and  slugs  are  found  destroying  the  wheat-blade  in  autumn,  lime  is 
sown  as  a  top-dressing,  but  this  plan  is  not  so  efficacious  as  the  other, 
since  those  slugs  which  happen  to  be  lying  under  the  furrows  arc  pro- 
tected from  the  lime.  It  is  desirable  that  the  lime  or  salt  shall  actu- 
ally fall  upon  the  slugs,  in  which  event  they  perish.  A  good  dressing 
of  fresh  slaked  lime  is  usually  recommended.  It  is  said  that  the  mo- 
ment the  hot  lime  touches  the  slug  he  throws  off  his  outer  skin,  and 
that  the  next  particle  which  reaches  him  destroys  life.    But  Cobbett 
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insisted  strongly  that  actual  quicklime,  in  very  fine  powder,  should 
be  used  for  this  particular  purpose.  He  says  :  "  An  effectual  way  to 
destroy  slugs  is  to  sow  hot  lime  in  dust  and  not  slaked.  The  slug  is 
wet;  he  has  hardly  any  skin;  his  slime  is  his  covering;  the  smallest 
dust  of  hot  lime  kills  him ;  and  a  few  bushels  to  the  acre  are  suffi- 
cient. You  must  sow  the  lime  at  dusk,  or  after  dark,  or  before  day- 
light, or  just  after  a  rain,  for  then  the  slugs  are  sure  to  be  out ;  and 
the  process  should  be  repeated  several  times.  .  .  .  Put  the  lime  in  a 
coarsish  bag,  much  larger  than  is  necessary  to  hold' the  quantity,  and 
after  nightfall  or  before  sunrise,  in  the  dew  or  on  the  moist  ground, 
go  over  their  haunts,  shake  the  bag  and  let  the  fine  powder  fall  upon 
the  ground ;  some  little  particle  will  fall  upon  every  slug  that  ia 
abroad,  and  every  slug  that  is  touched  with  the  lime  will  die.  If  rain 
come  it  will  destroy  the  power  of  the  lime,  and  then  it  will  be  neces- 
sary, perhaps,  to  repeat  the  remedy  several  times.  Slugs  come  after 
a  crop  that  has  long  afforded  a  great  deal  of  shelter  from  the  sun,  such 
as  peas  and  vetches.  In  gardens,  they  are  nursed  up  by  strawberry- 
beds  and  by  weeds,  by  asparagus  beds,  or  by  anything  that  remains 
for  a  long  time  to  keep  the  summer  sun  from  the  earth." 

Lime  favors  the  growth  of  tJie  Potato-Scab  Fungus, 
An  exception  to  the  destructive  action  of  lime  on  fungi  is  seen 
in  the  case  of  the  fungus  (Oospora  Scabies  of  Thaxter)  which 
causes  ^*  scab"  on  potatoes  and  sugar-beets.  It  was  noticed  by 
Thaxter,  in  his  experiments,  that  more  scabby  potatoes  occurred 
in  those  hills  the  earth  of  which  had  been  mixed  with  broken  plas- 
tering and  cement  than  in  others,  and  that  these  materials  mani- 
festly exerted  a  very  decided  influence  upon  the  virulence  of  the 
disease.  As  has  been  said  in  another  chapter,  several  observers 
have  noticed  that  potatoes  are  apt  to  be  scabby  when  wood-ashes 
have  been  used  as  a  fertilizer ;  and  Wheeler  has  shown,  by  careful 
experiments,  that  it  is  the  carbonate  of  lime  in  these  materials 
which  is  harmful.  In  one  word,  he  finds  that  carbonate  of  lime 
tends  most  decidedly  to  increase  the  scab  of  potatoes. 

Moreover,  the  percentage  of  scabby  potatoes  is  increased  by  the 
application  of  any  compound  of  lime  from  which  carbonate  of  lime 
will  naturally  be  produced  in  the  soil ;  and  the  malign  influence  of 
the  lime-carbonate  was  still  apparent  and  paramount  when  consid- 
erable doses  of  carbonate  of  potash  or  carbonate  of  soda  were  put 
upon  the  land,  together  with  the  lime.  Sugar-beets,  also,  grown 
on  limed  land  previously  infected  with  the  scab  fungus,  were  very 
badly  scabbed.  But  since  the  application  of  slaked  lime  to  acid 
soils,  such  as  are  common  in  New  England,  not  only  increases  the 
yield  of  potatoes  but  the  percentage  of  large-sized  tubers  also,  it 
may  well  be  true  that  the  use  of  lime  might  be  economically  advan- 
tageous in  case  only  one  crop  of  potatoes  was  to  be  gi'own,  for  the 
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effects  of  the  scab  are  not  usucdly  serious  in  the  first  year,  pro- 
vided the  seed  potatoes  are  free  from  the  scab,  or  have  been  freed 
from  it  by  means  of  corrosive  sublimate. 

The  spent  lime  of  gas-works — which  has  served  to  remove  from 
illuminating  gas  carbonic  acid,  sulphuretted  hydrogen,  and  other 
compounds  of  sulphur  —  would  doubtless  serve  particularly  well 
for  destroying  insects,  slugs  and  woims,  and  the  best  methods  of 
applying  it  to  this  end  should  be  discovered.  Fresh  gas-lime  con- 
tains various  sulphuretted  and  cyanogen  compounds  which  ai-e  ob- 
noxious to  living  things.  When  left  for  some  time  in  contact  with 
the  air,  the  noxious  sulphur  compounds  are  converted  to  harmless 
gypsum,  and  the  material  may  then  be  regarded,  practically,  as  a 
mixture  of  carbonate  and  sulphate  of  lime.  But  it  is  apt  to  be  con- 
taminated with  more  or  less  coal-tar,  which  is  a  substance  highly 
injurious  to  plants.  Were  it  not  for  the  risk  that  harm  may  be  done 
by  the  tar  (and  by  cyanogen  compounds),  weathered  gas-lime 
might  be  made  to  serve  useful  purposes  upon  many  soils ;  notably 
on  stiff  clays,  to  lighten  them ;  on  light,  sandy  loams,  to  give  them 
solidity ;  and  upon  sour,  peaty  soils,  to  correct  the  acidity. 

In  point  of  fact,  gas-lime  is  freely  used  in  some  parts  of  Holland, 
on  clayey  soils,  to  which  it  is  applied  at  the  rate  of  200  or  230  bush- 
els to  the  acre.  According  to  some  English  farmers,  fresh  gas- 
lime  may  be  safely  applied  in  the  autumn,  at  the  rate  of  from  80  to 
180  bushels  to  the  acre,  to  land  upon  which  root-crops  are  to  be 
grown  the  next  year ;  but  harm  has  often  been  done  by  applying 
fresh  gas-lime  to  grass-land.  Composts  prepared  by  mixing  gas- 
lime  and  loam,  and  leaving  the  mixture  to  stand  for  some  time, 
have  often  been  found  to  be  useful  on  light  soils.  It  is  not  im- 
probable that  gas-lime  might  serve  well  enough  for  neutralizing 
sour  humus,  as  a  preliminary  to  the  making  of  dung-compost. 
Numerous  analyses  of  gas-lime  have  been  published,  but  from  the 
nature  of  the  case  it  would  be  surprising  if  the  figures  of  any  two 
of  them  should  closely  agree.  The  following  analysis  by  Adolph 
Mayer  may  serve  to  give  a  general  idea  of  the  composition  of  this 
substance :  — 

Water 30 

Hydrate  of  lime 33 

Carbonate  of  lime 17 

Sulphate,  sulphite  and  hyposulphite  of  lime  ...     20 
beside  traces  of  sulphide  of  calcium,  of  sulpho-cyanide  of  calcium  and 
of  ammonia. 
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Liming  corrects  Acidity. 
Qnicklime  has  long  been  esteemed  as  a  means  of  correcting  the 
acidity  of  sour  land,  such  as  that  of  moors  and  bogs,  which  con- 
tains large  quantities  of  free  humic  acids,  and  that  which  is  uncnl- 
tivable  because  of  the  presence  of  ferrous  sulphate.  In  some 
regions,  where  even  upland  soils  have  a  tendency  to  become  harsh 
and  sour,  rather  than  mild  and  mellow,  applications  of  lime  have 
often  given  highly  satisfactory  resnlts.  In  the  words  of  Gasparin, 
'^  At  the  same  time  that  acid-plants  (such  as  sorrel)  disappear,  the 
yield  of  cereal  grains  is  doubled,  and  the  land  becomes  able  to  pro- 
duce wheat  in  place  of  rye,  and  to  bear  forage  crops  of  leguminous 
plants."  It  may  here  be  said,  yet  again,  that  cultivated  soils  need 
not  necessarily  exhibit  an  alkaline  reaction,  though  it  is  perhaps 
desirable  that  they  should  do  so.  It  is  to  be  pre6UH>ed  that  land 
is  at  its  best  when  it  contains  enough  bicarbonate  of  lime  that  ni- 
trification shall  be  constant  and  speedy,  though  granitic  soils  are 
met  witii  occasionally,  the  waters  of  which  are  faintly  alkaline 
from  the  presence  of  the  bicarbonates  of  potash  and  soda.  In 
non-calcareous  regions,  soils  are  apt  to  exhibit  a  slight  acid  reac- 
tion, though  they  are  sometimes  neutral  to  test-papers,  and  it  may 
well  be  true  that  the  importance  of  farmyard-manure  for  such  soils, 
as  in  the  vicinity  of  Boston  for  example,  may  depend  in  some  part 
on  the  power  of  the  alkaline  manure  to  mitigate  or  correct  the  soil's 
acidity.  It  is  probable,  withal,  that  the  high  esteem  in  whidi  ashes 
and  leached  ashes  are  held  in  many  parts  of  New  England  may  be 
due  to  their  ability  to  correct  acidity.  But  it  is  to  be  remembered 
that  experience  with  water-culture  has  taught  that  slightly  acid  solu- 
tions are  not  unfavorable  for  the  growth  of  plants  when  a  sufficiency 
of  food  is  present,  though  there  is  abundant  evidence  to  show  that 
any  excess  of  soluble  acids  in  the  soil  would  be  highly  detrimental. 
The  acid  would  injure  the  plants  directly,  and  destroy  the  micro- 
organisms which  regulate  the  fermentation  of  humus,  as  well  as 
dissolve  out  iron  compounds  to  poison  both  microdemes  and  crops. 
Such  acidity  may  readily  be  corrected  by  lime,  and  the  good  effects 
of  lime  upon  sour  meadows  in  particular,  may  Justly  be  credited  to 
neutralization  of  their  acidity.  One  noticeable  effect  of  lime  ii 
such  cases  is  the  destruction  of  plants  that  thrive  in  bogs ;  the  in- 
ference being  that  the  lime  has  neutralized  the  chemical  substances 
which  such  plants  can,  and  Knglish  grasses  cannot,  support,  and 
has  so  given  the  latter  opportunity  to  grow. 
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There  can  be  little  doubt  that  many  sofls  in  New  England  are 
more  sti'ongly  acid  than  is  desirable.  Wheeler,  in  Rhode  Island, 
has  noticed  that  beets  in  particular  are  apt  to  suffer  from  this  nat- 
ural acidity,  and  that,  while  the  growth  of  oats,  rye,  maize,  pota- 
toes and  millet  may  not  be  seriously  affected,  these  crops  would 
nevertheless  be  benefited  by  the  application  of  Utilizers  compe- 
tent to  neutralize  the  natural  sourness  of  the  land. 

One  way  of  determining  whether  a  soil  is  acid  consists  in  putting 
a  weighed  quantity  of  the  earth,  together  with  some  carbonate  of 
lime,  into  a  confined  volume  of  water,  and  noting  upon  a  mano- 
meter the  amount  of  pressure  produced  by  the  carbonic  acid  which 
is  set  free  when  the  mixture  is  agitated.  Conversely,  the  amount 
of  lime-carbonate  in  a  soil  may  be  determined  by  putting  a  quan- 
tity of  the  earth,  together  with  some  powdered  tartaric  acid,  into 
a  confined  volume  of  water,  and  measuring  the  amount  of  pressure 
produced  by  the  gas  which  is  disengaged. 

Action  of  Lime  on  Humus. 

Beside  its  power  of  coagulating  organic  matter,  lime  may  act  to 
hasten  the  deo<Mnpoeition  of  organic  matter  in  the  soil,  and,  as  has 
been  said  before,  it  may  serve  to  decompose  the  inert  nitrogen 
compounds  of  humus.  This  effect  is  probably  one  of  the  most  im- 
portant of  those  produced  by  lime.  Townsend  has  mentioned  the 
case  of  a  Welsh  farmer,  whose  bind  had  been  a  bog  before  it  was 
drained,  and  consisted  principally  of  dark-colored  vegetable  mould, 
much  of  which  was  actual  peat,  who  found  lime  to  be  an  excellent 
manure.  He  was  accustomed  to  put  most  of  his  stable-manure 
upon  mowing-fields,  and  to  use  only  lime  for  wheat,  and  in  this 
way  he  obtained  very  abundant  crops.  He  had  two  lime-kilns 
constantly  burning  for  his  own  use.  Townsend  remarks  that  *'  on 
this  land  I  have  counted  60  grains  [of  wheat]  to  an  ear,  not  picked 
and  culled  out  of  many  others  as  being  longer  than  the  rest,  but 
taken  by  handfuls  at  random.  ...  On  this  land,  lime  as  a  dress- 
ing was  particularly  apt,  because,  as  we  know,  it  hastens  the 
putrefactive  process,  and  promotes  the  dissolution  of  vegetable 
substances,  converting  them  quickly  into  vegetable  mould."  So, 
too,  Moreul,  in  describing  the  cultivation  of  clover,  for  seed,  in 
France,  has  said,  ''On  applying  lime  to  sour,  moist,  peaty  land, 
such  admirable  results  have  been  obtained  that  lime  has  been  called 
'  the  best  of  manures.' " 

The  action  of  lime  in  such  cases  is  manifestly  analogous  to  its 
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action  in  the  compost-heap.  There  is  doubtless  at  first  a  certain 
corrosive  effect  tending  to  break  down  the  mechanical  cohesion  of 
the  particles  of  peat  and  to  break  up  the  chemical  compounds 
which  the  peat  contained  ;  there  is  neutralization  of  the  sour  humic 
acids,  if  they  were  present ;  and  above  all,  the  soil  is  made  alka- 
line enough  to  permit  the  active  growth  of  microscopic  organisms 
which  act  as  ferments  upon  the  inert  nitrogen  compounds  in  the 
humus,  and  which  may  change  a  good  part  of  this  nitrogen  into 
forms  available  as  plant-food. 

Lime  may  Expel  Ammonia  from  Rich  Land, 

Some  small  part  of  the  good  effect  produced  by  the  lime  may  be 
attributed  directly  to  the  formation  of  ammonia  from  the  inert 
nitrogen  compounds  in  the  humus  under  conditions  favorable  for 
the  speedy  nitrification  of  this  ammonia.  Boussingault  has  shown 
by  an  elaborate  research  that  when  slaked  lime  is  mixed  with  good 
garden  or  farm  loam,  there  is  a  constant  slow  production  of  am- 
monia so  long  as  the  lime  remains  in  the  caustic  condition,  and 
several  other  observers  have  noticed  that  no  inconsiderable  quan- 
tities of  anm:ionia  are  sometimes  actually  lost  in  this  way,  by  ex- 
halation, from  fields  which  have  been  heavily  limed. 

It  follows  from  these  results  that  it  can  hardly  be  advisable  to 
lime  land  at  the  moment  when  that  land  is  to  be  dressed  with 
barnyard-manure  or  any  other  fertilizer  rich  in  ammonia,  lest  too 
much  of  the  ammonia  should  be  lost  through  volatilization.  In 
case  both  lime  and  farm-manure  were  to  be  applied  to  one  and  the 
same  crop,  it  might  be  best  to  plow  under  the  lime  in  late  summer 
or  in  autumn,  and  not  to  spread  the  manure  until  the  next  spring. 

Many  of  the  results  obtained  by  Boussingault  have  been  given 
already  in  Volume  I.,  under  Nitrification.  An  additional  example 
will  be  found  in  the  following  statement,  which  relates  to  a  dark- 
brown,  compact  peat  that  contained  2.2  ^  of  nitrogen,  no  nitrates, 
and  0.02  ^  of  ammonia. 

1,000  grm.  of  the  powdered  peat  left  during 
6  weeks  admixed  with  100  grm.  of  hydrate  of  lime  gained  0.137  grm.  of  ammonia. 
IS  weeks  admixed  with  100  grm.  of  hydrate  of  lime  gained  0.124  grm.  of  ammonia. 
The  peat  was  then  made  less  compact  by  mixing  with  each  kilo,  of  it  4  kilo,  of  sand  and 
400  grm.  hydrate  of  lime. 

1,000  grm.  of  this  mixture  left  dnring* 

1  month,  gained  0.332  grm.  of  ammonia. 

One  noteworthy  result  of  Boussingault's  tests  is  that  the  quan* 
tity  of  ammonia  developed  is  not  proportional  either  to  the  quantity 
of  lime  employed  or  to  the  amount  of  organic  nitrogen  in  the  soil 
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one  hundred  parts  of  lime  acting  on  the  peat  above  mentioned, 
which  contained  more  than  2  •%  of  nitrogen,  produced  little  more 
than  0.1  part  of  ammonia,  while  some  of  the  loams  examined  gave 
0.3,  0.4  and  0.8  parts. 

Sometimes  very  small  applications  of  lime  gave  amounts  of 
ammonia  which  were  out  of  all  proportion  large  as  compared  with 
the  amounts  of  lime.  Thus,  in  two  of  his  experiments  where  3 
grms.  of  lime  were  mixed  with  1 ,000  grms.  of  loam, —  i.  e.  a  quantity 
which  would  have  been  a  mere  sprinkling  on  a  field  —  as  much  as 
2.33  and  4.00  parts  of  ammonia  for  every  100  parts  of  the  lime 
employed  were  developed  in  the  course  of  a  week.  But  when 
larger  amounts  of  lime  were  applied  it  was  unusual  to  get  as  much 
as  0.8  lb.  of  ammonia  for  each  100  lb.  of  the  lime.  As  the  mean 
result  of  his  experiments,  0.033  grm.  ammonia  to  the  kilo,  of  loam 
was  quickly  developed  by  the  lime,  and  although  this  amount  is  but 
small,  it  is  decidedly  larger  than  the  quantity  of  ammonia  ordi- 
narily contained  in  tbe  best  loams  in  northern  countries.  In  point 
of  fact,  in  these  experiments,  the  act  of  liming  had  the  effect  of 
doubling  the  quantity  of  ammonia  in  the  soil.  For  there  was  found 
on  the  average  no  more  than  0.017  grm.  ammonia  to  the  1,000  grm. 
of  good  French  loams,  although  in  fertile  loams  from  South  Amer- 
ica, as  much  as  0.063  grm.  to  the  kilo,  were  obtained  on  the  aver- 
age. 

Destructive  Action  of  Lime. 

In  many  cases  the  corrosive  disintegrating  action  of  the  lime,  and 
the  fermentations  which  may  precede  nitrification,  are  to  be  regarded 
as  highly  important ;  as  when  lime  is  used  as  an  adjunct  to  green 
manuring,  where  a  crop  or  sod-land  has  just  been  plowed  under,  or 
when  applied  to  new  land,  or  to  land  so  foul  with  weeds  that  a  sort 
of  green  manuring  has  been  obtained  by  ploughing  it.  In  order 
to  get  the  full  effect  of  the  caustic  lime  in  such  cases,  it  sht>uld  be 
well  worked  into  the  soil  when  freshly  slaked,  and  before  any  seeds 
are  to  be  sown. 

Kellner,  in  Japan,  on  contrasting  the  action  of  lime  on  slightly 
moistened  upland  soil,  with  which  some  organic  matter  bad  been 
mixed,  with  its  action  on  wet  swamp-land  similarly  charged  with 
organic  matter,  found  that  while  the  lime  hastened  the  decomposi- 
tion of  the  organic  matter  in  both  cases,  the  action  was  much 
more  pronounced  on  the  dry  land  than  on  that  whicli  had  been 
kept  wet.     While  the  dry  laud  lost  13.58  5^  of  its  organic  matter 


652  AGRICtTLTURE. 

in  the  course  of  six  weeks,  the  swamp-land  lost  only  5.85  ^.  The 
same  soils  without  tlio  addition  of  lime  lost  3.24  ^  and  2.21  ^  of 
their  organic  matter,  respectively.  It  is  perhaps  this  tendency  to 
destroy  organic  matter  which  makes  the  too  frequent  use  of  lime 
pernicious.  To  it  is  probably  due  in  part  the  old-world  proverb, 
^'  Lime  enriches  the  father,  but  beggars  the  son." 

It  must  always  be  remembered,  however,  that,  when  the  use  of 
lime  first  became  general  in  Europe,  the  farmers  were  prone  to  be- 
lieve that  it  could  be  employed  as  a  substitute  for  stable-manure. 
Hence  a  tendency  to  abuse  in  using  it.  No  doubt  many  a  field  has 
been  reduced  to  the  verge  of  sterility  by  applying  lime  until  the 
entire  store  of  available  nitrogen  and  phosphoric  acid  and  potash 
had  been  used  up.  All  the  evidence  teaches  that  lime  is  no  substi- 
tute for  manure ;  it  is  a  mere  addition  or  reinforcement  which  may 
occasionally  be  employed  with  advantage.  Years  ago,  when  lime 
was  the  only  commercial  fertilizer  accessible  to  the  farmer  in  the 
interior  of  Europe,  he  thought  himself  compelled  to  use  it  at  every 
pinch ;  but  now  that  many  other  kinds  of  fertilizers  can  be  bought, 
the  tendency  to  use  lime  injudiciously  has  been  greatly  lessened. 

The  corrosive  power  of  lime  explains  the  danger  of  allowing 
seeds  or  young  plants  to  come  in  contact  with  too  much  lime. 
Davy  found  long  ago  that  it  was  an  easy  matter  to  kiU  grass  by 
watering  it  with  lime-water.  An  English  farmer,  Mr.  Carrington, 
in  an  article  ^'  on  the  advantage  of  converting  cold  clay  arable 
land  into  permanent  pasture,"  has  written  as  follows  :  "  No  per- 
son who  has  not  had  experience  will  appreciate  fully  the  difiSculty 
and  tediousness  of  the  operation  of  converting  into  really  good 
turf,  poor,  strong  [i.  e.  stiff]  land  which  has  been  constantly  under 
the  plough  for  generations,  and  in  which  every  bit  of  vegetable 
matter  has  been  used  up  by  the  practice  of  having  periodical  dead 
fallows'  dressed  with  lime.  .  .  It  is  only  by  repeated  liberal  appli- 
cations of  manure  that  such  land  can  be  made  into  productive 
turf." 

Yet  the  fact  is  indisputable  that  lime  may  be  of  vast  importance 
for  improving  humus  in  many  cases.  Thus  Fleischer,  in  describing 
certain  high-lying  German  moors  (heaths) ,  which  have  long  been 
cultivated  by  the  method  of  burning,  points  out  that  extraordina- 
rily favorable  results  are  often  got  by  means  of  dressings  of  quick- 
lime or  of  marl  in  cases  where  without  the  lime  abundant  applica- 
tions of  dung  or  of  artificial  fertilizers  give  only  meagre  crops. 
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He  remarks  that  moderate  dressings  of  lime  have  served  as  good  a 
purpose  as  very  heavy  dressings . 

In  these  experiments  lime  or  marl  were  applied  in  quantities  of 
2,000,  4,000,  6,000,  and  8,000  kilos,  to  the  hectare  half  a  year 
before  the  crops  were  sown,  and  it  was  found  that  while  the  first 
effect  of  liming  such  land  was  excellent,  the  long  continued  use  of 
lime  was  decidedly  hurtful.  During  the  first  year,  crops  of  peas, 
rye  and  potatoes  were  largely  increased  by  the  liming,  both  on 
recently  burned  moors  and  on  those  which  had  long  been  cultivated, 
but  in  most  cases  the  after-effects  of  the  lime  were  harmful,  in  that 
the  crops  gave  diminished  yields  and  that  the  soil  seemed  to  be 
exhausted.  Hence  the  advice  to  apply  only  small  doses  of  lime  to 
such  land,  and  to  use  clay-marl  when  possible  rather  than  lime- 
marl. 

Eaiihworma  live  in  Mellow  Humus. 

One  curious  result  of  the  amelioration  of  peat-bogs  in  England, 
by  draining  and  liming,  is  said  to  be  that  the  land  soon  becomes 
filled  with  worms,  which  find  abundant  support  in  the  decaying 
vegetable  matter,  and  that  a  plague  of  moles  is  apt  to  follow  in 
due  course  ;  these  animals  being  attracted  by  the  worms  on  which 
they  feed.  It  is  to  be  inferred  from  these  observations  that,  even 
before  the  advent  of  the  worms,  the  limed  land  must  have  become 
fitted  to  support  the  useful  microscopic  organisms  which  work  to 
bring  the  soil  into  a  wholesome  state  of  fermentation  and  to  make 
it  fertile  enough  for  supporting  large  crops. 

It  needs  to  be  said,  however,  that  while  the  application  of  lime 
to  drained  bog-land  may  hasten  the  coming  in  of  the  worms  and 
the  moles,  these  creatures  would  still  appea/  after  a  time  even  if 
no  lime  were  used  in  the  process  of  recla^nation.  I  have  myself 
seen  them  arrive  in  force  on  bog-mead<)ws  at  the  Bussey  farm, 
soon  after  the  sour  laud  had  been  drained  and  dressed  with  stable- 
manure,  although  no  lime  was  applied.  It  is  probably  true,  as  a 
general  rule,  whenever  bog- earth  is  reclaimed  and  made  mellow, 
that  nitrifying  (and  other)  micro-organisms  speedily  appear  in  the 
soil,  to  be  followed  in  turn  by  earthworms  which  feed  upon  them, 
and  by  moles,  which  prey  upon  the  worms. 

The  fact  may  here  be  recalled  that  Hilgard  has  observed  on  the 
arid  soils  of  California,  that  although  the  presence  of  carbonate  of 
lime  in  a  soil  hastens  the  oxidation  of  humus,  the  proportion  of 
nitrogen  in  the  humus  may  nevertheless  increase,  because  the  car- 


654  AGRICrrLTURB. 

bohjdrates  in  decajiog  vegetable  matters  are  oxidized  more  rapidly 
than  the  nitrogenous  constituents. 

Lime  promotes  Usefxd  Fermentations  in  the  SoU. 

It  is  not  improbable  that  one  of  the  most  important  uses  of  lime 
may  be  to  foster  the  growth  of  useful  micro-organisms  in  the  soil, 
perhaps  even  those  which  live  upon  the  roots  of  clover  and  other 
leguminous  plants.  There  are  experiments  by  Heiden  and  Voigt, 
on  the  liming  of  land,  which  seem  to  support  this  view.  Indeed^ 
the  results  obtained  by  these  chemists  were  so  well  marked  that 
Heiden  was  led  to  declare  that  ^vlime  deserves  to  be  called  a  col- 
lector or  gatherer  of  nitrogen." 

A  number  of  plots  of  crude,  rough,  moderately  heavy  land  were 
tilled  and  cropped  during  10  successive  years,  and  were  finally 
examined  as  to  the  amounts  of  nitrogen  contained  in  them.  Plot 
No.  II  had  received  no  manure  during  the  10  years;  No.  Ill 
had  been  limed  6  times  in  the  course  of  the  10  years,  each  time  at 
the  rate  of  14  short  tons  to  the  acre ;  No.  IV  had  been  fertilized 
with  sulphate  of  ammonia,  7  times  during  the  10  years ;  No.  V 
with  tri-phosphate  of  lime,  6  times  in  the  10  years,  and  No.  VI 
with  sulphate  of  potash,  6  times  in  the  10  years.  There  was  found 
in  the  soil  of  the  several  plots  the  proportions  of  ammonia,  nitric 
acid  and  organic  nitrogen  that  are  given  in  the  following  table :  — 

SuBFAOE  Soil. 

Plot.                          n.            III.           rv.  V.  VI. 

Ammonia 0.0005        0.0021  0.0005  0.0008  0.0010 

Nitric  acid 0.0048        0.0056  0.0002  0.0017  0.0032 

Organic  nitrogen .     .    .    0.0334        0.0588  0.0497  0.0481  0.0493 

SiTBSOIIi. 

Ammonia 0.0005        0.0008        0.0008        0.0003        0.0011 

Nitric  acid 0.0012        0.0008        0.0022        0.0016        0.0012 

Organic  nitrogen .     .     .    0.0459        0.0613        0.0275        0.0353        0.0416 

It  will  be  noticed  that  in  Plot  No.  Ill  (the  limed  land)  there  are 
decidedly  larger  amounts  of  organic  nitrogen,  and  even  of  nitric 
acid  and  ammonia  than  were  found  in  the  other  plots.  It  was 
plain,  moreover,  that  the  excess  of  nitr<^en  in  No.  Ill  was  not 
to  be  attributed  to  roots  that  had  been  left  in  the  soil,  for  on  sub- 
jecting the  soil  to  mechanical  analysis  no  considerable  quantity  of 
roots  could  be  found  in  it.  Moreover,  since  the  plot  which  had 
been  fertilized  with  an  ammonium  salt  (No.  IV),  had  borne  larger 
crops  than  the  other  plots  throughout  the  experiment,  it  is  to  be 
inferred  that  the  soil  of  No.  TV  must  have  contained  more  roots 
than  that  of  No.  Ill  or  any  of  the  other  plots. 
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QuickUme  may  hinder  NUriJkation. 

Many  writers  have  urged  that  lime,  or  rather  lime-carbonate, 
does  good  by  promoting  the  formation  of  nitrates  from  nitrogen- 
ized  organic  matter,  or  from  ammonia,  within  the  soil ;  and  recent 
experiments  have  shown  that,  as  regards  the.  carbonate  at  least, 
this  view  is  correct.  From  a  very  early  period,  indeed,  carbonate 
of  lime  has  been  considered  to  be  an  essential  adjunct  to  the  porous 
earth  of  saltpetre  plantations,  and  it  has  long  been  known  that 
nitrates  are  specially  apt  to  form  in  limestone  caves  and  upon  walls 
plastered  with  lime.  Finally,  Warington  has  shown  by  experi- 
ments that  the  nitrifying  ferments  prosper  exceedingly  in  presence 
of  an  excess  of  carbonate  of  lime,  and  indeed  will  hardly  do  good 
work  without  a  supply  of  the  carbonate. 

It  is  to  be  remembered,  however,  —  as  has  been  explained  in 
.Volume  I,  under  Nitrification  —  that  quicklime  is  hurtful  to  the 
nitric  ferments,  and  that  it  might  readily  happen  that  one  of  the 
first  effects  of  liming  a  field  heavily  would  be  to  arrest  the  nitri- 
fication of  its  humus.  Warington  found  that  lime-water  is  a  much 
stronger  alkali  than  the  nitric  ferments  can  bear.  Of  course,  the 
undue  alkalinity  of  the  quicklime  will  be  mitigated  as  soon  as 
enough  carbonic  acid  to  change  it  to  carbonate  has  been  absorbed 
by  it  from  the  ground  air,  and  it  must  constantly  happen  in  farm 
practice  that  the  lime  is  speedily  neutralized  by  the  acid  humus  of 
the  soil,  and  here  of  course,  lime  would  finally  promote  nitrifica- 
tion. 

Lime  may  decompose  Minerals, 

Another  corrosive  action  of  lime  is  seen  in  its  power  to  hasten 
the  disintegration  of  refractory  silicates.  Such  action  as  this 
would  usually  be  brought  about  much  more  readily  by  caustic  lime 
than  by  gypsum,  and  there  can  be  little  doubt  that  the  disintegra- 
ting action  of  lime  upon  feldspar  and  other  minerals  may  some- 
times be  of  considerable  importance.  It  has  been  reported,  indeed, 
that  applications  of  lime  have  often  been  found  to  be  specially  effica- 
cious on  such  clay  soils  as  contain  many  fragments  of  broken  but 
still  undecomposed  feldspar ;  and  it  is  evident  that  bicarbonate  of 
lime  formed  in  the  soil,  by  the  action  of  carbonic  acid  on  the  lime, 
might  react  with  silicate  of  potash  in  the  feldspar  to  form  silicate 
of  lime  and  soluble  bicarbonate  of  potash.  Moreover,  there  are 
experiments  by  Fuchs  and  by  Zierl  which  show  that  if  powdered 
feldspar  is  gently  ignited  with  lime,  and  the  mass  then  digested 
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with  water,  —  or  if  powdered  feldspar  previously  ignited  is  boiled 
with  milk  of  lime  for  a  short  time,  or  digested  for  a  longer  pe- 
riod with  milk  of  lime  at  the  ordinary  temperature  of  the  air,  — 
much  of  the  potash  which  the  mineral  contained  will  be  given  np 
to  the  water,  while  lime  takes  the  place  of  potash  in  the  mineral. 

So  large  an  amount  of  potash  may  be  dissolved  in  this  way  that 
it  was  proposed,  at  one  time,  to  employ  the  process  as  an  econom- 
ical method  of  obtaining  potash  for  use  in  the  arts.  There  are,  in 
fact,  many  kinds  of  clays  which  are  acted  upon  to  no  inconsidera- 
ble extent  by  lime,  even  before  they  have  been  roasted.  If  a  small 
quantity  of  such  a  clay  be  stirred  into  milk  of  lime,  and  the  mixture 
be  left  to  itself  for  a  week  or  two,  it  will  be  found,  on  treating  the 
mass  with  muriatic  acid,  that  an  appreciable  quantity  of  the  clay 
will  dissolve,  with  separation  of  gelatinous  silica,  though,  as  is  well 
known,  clay  by  itself  is  not  much  acted  upon  by  muriatic  acid.  In  • 
the  case  now  in  question,  a  part  of  the  lime  enters  into  combina- 
tion with  some  of  the  clay  to  form  a  small  quantity  of  a  hydrous 
silicate  of  alumina  and  lime,  such  as  has  been  so  often  spoken  of 
as  useful  to  hold  potash  and  ammonia  in  the  soil.  But  during  the 
formation  of  this  compound,  there  must  have  been  set  free  from  the 
clay,  or  loosened  up,  as  it  were,  within  it,  whatever  of  potash  or 
ammonia  the  decomposed  portion  of  the  clay  may  have  contained. 
It  has  been  shown  by  Kellner,  that  lime  sometimes  acts  upon  phos- 
phates in  the  soil  to  make  them  more  readily  available  for  crops, 
and  that  the  exhaustive  tendency  of  too  frequent  applications  of 
lime  may  depend  in  part  on  the  using  up  of  the  ash-ingredients 
which  the  soil  contained. 

There  are  experiments  by  Stoeckhardt  which  show  that  caustic 
lime  attacks,  not  only  feldspar,  but  even  powdered  quartz  and  pure 
precipitated  silicic  acid,  and  that  it  combines  with  small  quantities 
of  silica  to  form  a  hydrated  silicate  of  lime  which  is  easily  soluble 
in  acids.  It  is  known  withal,  from  the  examination  of  mortar  from 
old  buildings,  that  caustic  lime  does  slowly  act  upon  silicious  sand 
to  form  small  quantities  of  a  hydrated  silicate  of  lime  readily  solu- 
ble in  acids.  The  same  easily  soluble  silicate  may  be  obtained 
directly  by  mixing  lime-water  with  recently  precipitated  silicic 
acid.  It  is  worth  noticing,  moreover,  that  Stoeckhardt's  experi- 
ments were  made  upon  minerals  which  had  previously  been  leached 
with  acid  and  with  water  until  everything  soluble  had  been  removed 
from  them. 
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Scientifically  speaking,  it  would  be  possible,  on  the  plan  of  these 
experiments,  to  establish  compost-heaps  consisting  solely  of  lime 
and  clay,  with  the  idea  of  loosening  or  '^  unlocking"  some  of  the 
useful  constituents  of  the  clay.  Clay  composts  have,  in  fact,  been 
made  occasionally  in  England,  from  equal  bulks  of  lime  and  clay, 
and  satisfactory  results  were  obtained ;  though  the  motive  in  these 
cases  was  merely  to  destroy  the  tenacity  of  the  clay,  and  this  pur- 
pose was  accomplished  in  the  course  of  a  fortnight. 

Hilgard  has  argued  that  the  presence  of  lime-carbonate  in  the 
soil  must  often  be  of  great  importance  for  maintaining  fertility, 
because  it  acts  to  decompose  inert,  refractory  silicates,  and  to  fa- 
vor the  formation  of  the  more  soluble  zeolites.  He  urges  that  the 
useful  effect  produced  by  the  presence  of  a  per  cent  or  two  (or 
more)  of  lime-carbonate  in  soils  often  seems  to  depend  on  a  kind 
of  unlocking  action,  i.  e.  an  energizing  or  rendering  active  of  sub- 
stances which  would  remain  inactive  otherwise.  That  such  action 
does  really  occur  is  made  evident  by  the  fact  that,  in  Hilgard's 
analytical  process  of  digesting  soils  in  an  acid,  it  is  found  that  the 
so  to  say  limed  soils  dissolve  more  completely  in  the  acid  than  do 
those  which  are  deficient  in  lime. 

From  the  ^'  limed  soils  "  acids  often  dissolve  out  the  alumina  so 
completely  that  no  clay  is  left  behind  in  the  residue  insoluble  in  the 
acid,  and  this  insoluble  residue  is  smaller  anyway  in  the  case  of  the 
lime-soils.  To  this  decomposing  action  of  lime  Hilgard  attributes, 
in  some  part,  the  long-continued  fertility  of  certain  cotton-lands  in 
the  Southwestern  States,  which  can  bear  to  be  cropped  for  many 
years  because  the  lime  in  the  soil  acts  constantly  to  loosen  up  pot- 
ash, phosphoric  acid,  etc.,  from  their  inert  compounds. 

Another  point  to  be  remembered  is  the  fact,  which  has  been  il- 
lustrated repeatedly  by  laboratory  experiments,  that  an  admixture 
of  lime  salts,  or  even  of  carbonate  of  lime,  with  a  soil,  increases 
the  power  of  that  soil  to  absorb  and  fix  potash,  soda,  ammonia, 
and  the  like,  from  their  solutions. 

Lime  may  combine  with  SUicatea. 

It  may  be  said  further  of  lime,  that  it  can  act  by  uniting  with 
the  hydrous  silicates  in  the  soil  so  as  gradually  to  expel  from  them 
potash,  ammonia,  or  magnesia  for  the  use  of  crops.  Heiden  has 
shown  by  experiments  that  the  fact  is  as  here  stated,  though  in  so 
far  as  the  action  of  lime-water  alone  is  concerned,  a  better  pur- 
pose might  perhaps  be  served  by  applications  of  gypsum.     It  has 
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been  argued,  however,  by  some  chemists,  that  the  solation  of  bi- 
or  sesqui-carbonate  of  lime,  which  forms  naturally  and  readily  in 
limed  soils,  may  exert  no  inconsiderable  influence  to  push  out  pot- 
ash (and  soda)  from  partially  decomposed  feldspathic  minerals, 
and  from  other  silicates  that  contain  alkalies,  for  the  lime  may 
combine  with  the  silica  of  the  minerals,  while  sesqui-carbonate  of 
potash  (or  soda)  goes  into  solution.  (Trommer.) 

In  view  of  the  various  modes  of  action  of  lime,  as  above  set  forth, 
it  seems  possible  to  understand  that  both  the  French  and  the  Ger- 
man writers  may  be  correct  in  their  seemingly  conflicting  asser- 
tions ;  viz.  by  the  first,  that  the  best  action  of  lime  is  seen  on  light, 
and  by  the  last,  on  heavy  land. 

It  is  certainly  true  that  lime  may  improve  heavy  clays  by  floccu- 
lating the  flner,  colloid  portions  of  the  clay,  and  so  making  the  soil 
less  pasty  and  sticky  than  it  is  naturally ;  and  it  is  probably  true 
also  that  lime  often  does  some  good  on  such  soils  by  corroding  and 
disintegrating  their  constituents.  On  the  other  hand,  lime  may  do 
good  on  some  light,  permeable  soils,  both  by  cementing  their  parti- 
cles to  a  better  capillary  condition,  somewhat  as  mortar  might,  and 
perhaps  by  charging  the  land  with  hydrous  silicates,  as  has  been 
explained  in  Chapter  VIII  of  Volume  I.  The  action  of  lime  to 
correct  sourness,  or  to  promote  decay,  may  be  more  frequently  im- 
portant, perhaps,  on  heavy  lands  than  on  light ;  while  upon  light 
soils  the  influence  of  the  lime  to  make  the  crops  healthy,  or  even 
finally  to  promote  nitrification,  may  be  of  more  importance  than  it 
is  on  heavy  soils. 

It  is  noticeable,  however,  that,  in  so  far  as  the  good  efifects  of 
lime  may  depend  on  its  power  of  decomposing  organic  matters  or 
minerals  in  the  soil,  and  making  their  constituents  available  as 
plant-food,  the  same  result  could  usually  be  obtained  more  econom- 
ically by  buying  and  applying  small  quantities  of  commercial  fer- 
tilizers of  kinds  similar  to  the  substances  which  the  lime  has  set 
free. 

Lime  slowly  changes  to  OarboncUe  of  Lime  in  the  Soil. 

It  was  supposed  formerly  that,  in  the  field,  it  could  hardly  be 
possible  that  reactions  due  to  the  causticity  of  lime  could  occur 
after  the  lapse  of  some  little  time.  Not  only  are  the  pores  of  the 
soil  charged  with  carbonic  acid,  which  must  work  constantly  to  re- 
duce the  caustic  lime  to  the  condition  of  carbonate  of  lime,  but  a 
great  deal  of  carbonic  acid  is  produced  by  the  action  of  the  lime 
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upon  the  organic  matters  of  the  soil.  Moreover,  the  lime  tends 
constantly  to  unite  with  organic  matters  in  the  soil  to  form  humate 
of  lime.  But  recent  investigations  by  Heiden  go  to  show  that  a 
part  of  the  lime  may  remain  in  the  soil  for  years  in  the  soluble  form, 
at  least  on  land  that  has  been  very  heavily  limed.  Thus,  a  quan- 
tity of  earth  taken  from  a  plot  of  land  that  had  been  limed  at  the 
rate  of  14  tons  to  the  acre,  early  in  May,  was  leached  with  water 
half  a  year  later,  at  the  end  of  November,  in  comparison  with  ad- 
jacent unlimed  land,  and  there  was  found  44.5  milligrams  of  lime 
in  the  extract  from  the  limed  land,  against  4.7  mgs.  in  that  from 
the  soil  that  had  not  been  limed,  i.  e.  more  than  9  times  as  much 
lime  was  dissolved  by  water  from  the  limed  field  as  from  the  other. 
From  the  subsoil,  also,  of  the  limed  plot,  water  dissolved  out  much 
more  lime  than  could  be  leached  from  the  unlimed  land,  —  more 
than  6  times  as  much.  The  figures  were  158  and  26  mgs.  re- 
spectively. 

In  another  experiment,  two  samples  of  soil  were  taken  from  a 
field  that  had  been  limed  some  12  years  previously.  It  was  inferred 
from  the  large  number  of  fragments  of  lime  that  were  visible  in 
this  earth,  that  a  heap  of  lime  must  have  stood  upon  the  place 
whence  the  earth  was  taken.  There  was  found  in  these  samples 
0.039  %  and  0.032%,  respectively,  of  lime  that  was  soluble  in 
water.  Other  samples  of  earth  taken  from  different  fields  gave 
results  which  are  stated  in  the  following  table :  — 

No.  of  yean  The  aoU  contained  per  cent  of  lime 

■luce  the  loluble  in 

liming^.  Wftter.  Hot,  strong  mnriatio  acid. 

14  0.0197  0.2722 

10  0.0235  0.3629 

8  0.0232  0.3472 

It  appears  from  these  figures  that  the  lime  soluble  in  water 
amounted  to  a  considerable  proportion  (a  fourteenth  or  fifteenth) 
of  that  soluble  in  the  hot  concentrated  acid. 

Heiden  argues  that  the  lime  soluble  in  water  was  chiefiy  in  the 
form  of  hydrate  of  lime,  because  the  soil  had  an  alkaline  reaction, 
and  because  he  found  comparatively  little  carbonic  acid  in  the  solu- 
tion. This  last  observation  is  important  because,  as  is  well  known, 
bicarbonate  of  lime  shows  an  alkaline  reaction.  The  lumps  of 
lime  also  which  were  found  upon  the  old  field  did  not  contain 
enough  carbonic  acid  to  neutralize  all  the  lime  that  was  contained 
in  them.     While  it  is  a  matter  of  the  deepest  interest  that  the  sqU 
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of  limed  fields  may  be  thus  highly  charged  with  Bolutions  of  lime, 
it  is  to  be  remembered  that  it  is  qaite  within  the  limits  of  possi- 
bility that  the  dissolved  lime  studied  by  Heiden  may  have  been  in 
the  form  not  of  caustic  lime,  but  of  some  compound  of  lime  and 
organic  matter. 

Poor  Soils  are  unfit  for  Liming. 

One  conclusion  to  which  the  foregoing  discussion  leads  is,  that, 
excepting  clays,  and  some  cases  where  it  may  do  good  as  a  means 
of  correcting  sourness,  lime  is  not  a  thing  to  be  applied  to  really 
poor  land.  Generally  speaking,  it  can  hardly  be  profitable  unless 
the  soil  is  already  fairly  well  charged  with  the  constituents  of  plant- 
food.  Its  function  is  to  alter  and  improve  matters  that  are  already 
in  the  soil,  and  to  make  them  more  easily  available  for  crops,  as 
well  as  to  bring  the  soil  into  such  condition  that  it  can  enable 
added  fertilizers  to  be  put  to  better  use  than  they  could  have  been 
without  the  liming.  It  is  an  adjunct  to  be  used  occasionally,  but 
no  proper  substitute  for  manure. 

Speaking  in  general  terms,  it  may  be  said  that  lime  is  used  much 
less  freely  nowadays  than  it  was  formerly,  though  there  are  certain 
localities  in  Europe  where  the  use  of  lime  has  been  coincident  with 
the  building  of  railways  which  have  made  it  possible  to  procure  the 
material  cheaply.  On  the  poor  granitic  soil  of  the  French  province 
Limousin,  for  example,  great  advantages  have  been  gained  by 
applying  lime  which  is  brought  by  rail  from  the  Department  of 
Cher.  Thanks  to  the  lime,  it  has  become  possible  to  grow  excel- 
lent crops  of  clover,  and  to  keep  many  animals,  and  so  to  obtain 
adequate  supplies  of  manure.     (Deherain.) 

Quantities  of  Lime  applied  to  Land, 

The  amount  of  lime  applied  to  the  acre  varies  widely  in  different 
countries,  and  according  to  the  kind  of  soil.  Heavy  clays  can  bear 
much  more  of  it  than  light,  sandy  loams.  Inasmuch  as  the  chief 
action  of  lime  is  undoubtedly'  to  improve  the  mechanical  condition 
of  the  land,  it  is  evident  that  the  lime  should  not  be  applied  in 
quantities  too  small  to  effect  this  purpose.  Ordinarily  it  should  be 
thought  of  and  applied  as  an  ameliorant  in  terms  of  tons,  and  not 
as  a  fertilizer  to  be  used  by  pounds.  In  many  localities  lime  is 
reckoned  by  bushels  each  of  eighty  pounds  weight.^     Thus  in 

>  Accordinf;  to  experiments  made  at  the  New  Jersey  Agjicnitaral  Station, "  A  bnshel  of 
good  stone  lime  weighs  93  lb. ;  when  slaked  it  will  yield  nearly  3  bniihclB,  each  of  which 
will  weigli  about  45  lb.  A  bushel  of  unslaked  oyster-shell  lime  wriphs  CO  lb.  ;  when  slnked 
it  will  measure  more  than  2  boshels,  ench  of  40  lb.  weight.  A  bushel  of  magnesian  stone 
lime  weighs  80  lb. ;  when  slaked  it  measures  about  2  bushels,  each  of  66  lb.  weight. 
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Eastern  Pennsylvania,  where  lime  has  long  been  used,  the  usual 
dressing  is  said  to  be  40  or  50  bushels  to  the  acre,  on  soils  of  me- 
dium quality,  while  on  deep,  rich  soils  as  much  as  70  or  80  bushels 
may  be  used  with  advantage.  On  poor  land,  it  was  thought  to  be 
best  to  begin  with  no  more  than  20  or  30  bushels,  and  to  increase 
the  dose  as  the  land  improved.  Formerly,  at  least  when  the  term 
of  the  usual  rotation  of  the  locality  was  5  or  6  years,  every  field 
was  limed  in  its  turn,  at  the  time  when  the  grass-fields  were  broken 
up  preparatory  to  the  sowing  of  Indian  corn.  The  sod  was  ploughed 
under  in  the  autumn,  or  early  in  the  spring,  and  the  land  was  har- 
rowed once.  Next  April,  quicklime  was  deposited  in  heaps  upon 
the  land,  and  di'enched  with  enough  water  to  make  it  fall  to  pow- 
der, which  was  immediately  spread  while  yet  fresh,  or  "  warm,*' 
as  the  term  is,  and  harrowed  in  thoroughly.  Occasionally,  the 
lime  was  applied  before  sowing  wheat  in  the  autumn.  Some  farm- 
ers even  interpolated  an  intermediate  dose  of  lime,  applied  as  a 
top-dressing  to  the  young  grass  in  November.  Stable-manure  was 
not  applied  at  the  same  time  as  the  lime,  but  the  year  afterward, 
either  in  the  spring  for  barley,  or  in  the  autumn  before  seeding  the 
land  with  wheat. 

In  England  4  tons  of  lime  to  the  acre  are  esteemed  to  be  suffi- 
cient for  light  lands,  and  for  land  that  has  been  long  under  culti- 
vation ;  or,  instead  of  this  quantity,  more  frequent  dressings  of  1 
or  2  tons  at  a  time  may  be  used.  In  some  parts  of  Scotland,  from 
60  to  150  bushels  of  lime  are  applied  at  stated  periods  in  the  rota- 
tion, the  usual  quantity  ranging  from  90  to  120  bushels.  For  old 
sod-land  that  has  just  been  ploughed,  6  tons  of  lime  was  the  dose 
formerly  recommended ;  and  in  those  days  quantities  ranging  all 
the  way  from  6  to  12  tons  seem  to  have  been  usual  applications,  tlie 
larger  amounts  being  applied  in  cases  where  the  land  had  not  pre- 
viously been  limed.  But  it  seems  to  have  been  recognized  very 
early  that  the  lime  obtainable  in  some  localities  is  much  "  stronger  " 
than  that  from  others.  An  Fnglish  farmer,  writing  in  1765,  has 
said,  ^^  Lime  differs  in  quality  as  well  as  land  itself.  In  many 
countries  the  crops  would  be  burnt  up  if  64  bushels  were  laid  on 
an  acre,  whereas  in  Derbyshire  there  are  instances  of  people  lay- 
ing on  384  and  448  bushels  per  acre  on  grass-land." 

From  100  to  160  bushels  to  the  acre  seem  to  have  been  common 

applications  in  some  parts  of  England,  though  it  was  admitted  that 

different  kinds  of  land  requure  different  proportions  of  lime.    Gen- 
VOL.  ii-ae. 
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erally  speaking,  cold  clay-soils  appear  to  have  been  limed  more 
heavily  (8  to  10  or  12  tons  to  the  acre),  and  more  frequently  also 
(once  in  six  years,  or  even  of tener)  than  any  others,  for  the  reason 
that  the  lime  makes  such  land  work  more  kindly ;  but  the  York- 
shire farmer  above  cited  has  said,  '^  Whoever  tries  the  experiment 
of  putting  as  much  as  12  tons  of  lime  to  the  acre  on  old  tilled 
land,  will  find  himself  in  an  eiTor,  especially  if  the  soil  be  clay, 
which  is  apt  to  be  too  much  bound  after  the  fermentation  of  the 
lime  is  over ;  but  sand  lands  can.  never  be  oveixlone  with  lime,  pro- 
vided it  be  laid  on  in  the  spring,  and  that  it  is  not  of  that  fiery  kind 
which  many  of  the  sorts  are.** 

So,  too,  for  improving  the  cold,  raw  peat  of  moors  and  bogs 
which  have  just  been  drained,  as  many  as  200  or  300  bushels  of 
lime  to  the  acre  have  sometimes  been  applied.  It  is  said  that 
these  heavy  dressings  of  lime,  when  combined  with  judicious 
ploughings,  will,  in  the  course  of  even  a  few  weeks,  bring  the 
peat  into  a  condition  fit  for  supporting  crops.  There  are  prob- 
ably vei7  few  localities,  however,  where  the  expense  of  using 
such  large  quantities  of  lime  could  be  justified  nowadays  by  the 
improvement  which  it  effects. 

In  1776,  Hunter  wrote  as  follows:  <^It  is  generally  said  that 
lime  answers  better  upon  sand  than  clay.  This  observation  will 
undoubtedly  hold  good  as  long  as  the  farmer  continues  to  lime  his 
clay  lands  in  a  scanty  manner.  Let  him  treble  the  quantity,  and 
he  will  then  be  convinced  that  lime  is  better  for  clay  than  sand. 
It  may  be  justly  answered  that  the  profits  will  not  admit  of  the 
expense.  I  agree.  But  then  it  must  be  understood  that  it  is  the 
application  and  not  the  nature  of  the  lime  that  should  be  called  in 
question.  Clay,  well  limed,  will  fall  in  winter  and  ferment  with 
acids.     Its  very  nature  is  changed." 

Less  Lime  is  Used  Nowadays, 

Latterly,  smaller  dressings  at  more  frequent  intervals  have  be- 
come customary  in  England.  More  than  5  or  6  tons  to  the  acre 
are  now  seldom  used  there,  even  on  strong  land.  Instead  of  ap- 
plying 4  to  8  tons  once  in  fifteen  or  nineteen  years  on  land  that 
had  been  previously  limed,  the  rule  is  now  to  apply  lime  every  six 
or  eight  years  in  quantities  not  larger  than  1  or  2  tons  to  the  acre. 

In  Germany,  lime  used  to  be  applied  at  the  rate  of  6  to  12  tons 
to  the  acre  once  in  7  or  8  years.  In  France  it  has  always  been 
customary  to  apply  smaller  quantities  of  lime  than  were  formerly 
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QBual  in  England ;  3  or  4  tons  to  the  acre  once  in  7  or  8  years, 
seems  to  have  been  the  old  rule.  Modem  French  practice,  accord- 
ing to  Deh^rain,  goes  to  show  that  as  little  as  2  tons  to  the  acre, 
applied  once  in  3  years,  is  sufficient  for  light  land  in  regions  where 
the  rocks  are  granites  or  sandstone,  thoagh  4  tons  might  be  ap- 
plied in  case  the  soil  were  rich  in  organic  matter.  Proof  that  the 
dose  of  lime  employed  has  been  sufficient  is  afforded  by  changes 
in  the  character  of  the  vegetation  of  the  fields,  and  particularly 
by  the  coming  in  of  white  clover.  On  clayey  land,  3  tons  of  lime 
to  the  acre  may  be  applied  evei'y  4  or  5  years,  and  on  very  strong 
clays  —  where  liming  is  always  useful  —  the  quantity  of  lime  to 
be  applied  is  to  be  determined  by  comparing  the  cost  of  it  with  the 
profit  obtained  from  its  use.  In  reclaiming  peaty  land,  2  or  3 
tons  of  lime  to  the  acre  may  be  applied,  after  the  land  has  been 
drained,  and  if  profit  is  got  from  these  quantities,  still  larger  ap- 
plications may  be  tried.  In  Belgium,  the  rule  at  one  time  was  to 
apply  some  2.5  tons  to  the  acre  once  in  10  or  12  years. 

Salfeld  has  found  by  experiment  that  on  newly-broken  sour 
moor-land  (Hochmoor)  900  lb.  of  lime  to  the  acre  is  not  enough 
to  ensure  the  successful  growing  of  horse-beans  or  peas;  and 
Maercker  has  stated  in  respect  to  certain  German  moor-lands, 
which  suffer  from  the  presence  of  sulphate  of  iron,  that  there 
would  be  needed  from  4  to  10  tons  of  lime  to  the  acre  merely  to 
destroy  this  hurtful  substance,  and  to  prevent  the  further  forma- 
tion of  it.  It  is  held  that  deep  soils  requii-e  to  be  limed  more 
heavily  than  those  which  are  shallow.  Practical  men  say  that  the 
reason  why  land  requires  to  be  limed  anew  after  a  longer  or  shorter 
interval  depends  primarily  on  the  fact  that  the  lime  tends  con- 
tinually to  sink  deeper  and  deeper  into  the  soil.  Were  it  not  for 
this  peculiarity,  they  can  see  no  reason  why  one  good  dose  of  lime 
should  not  serve  for  a  century. 

According  to  Schwertz,  a  practice  prevails  in  some  localities  of 
giving  the  land  a  mere  sprinkling  of  lime  (8  or  10  bushels  to  the 
acre),  at  the  moment  of  sowing  grain,  i.  e.  after  the  land  has  been 
prepared  for  seeding ;  and  it  has  been  suggested  that  the  devel- 
opment of  ammonia  in  the  soil  by  the  action  of  the  lime  on  inert 
nitrogen  compounds  may  perhaps  justify  this  custom.  The  ammo- 
nia would  be  set  free  at  the  veiy  place  where  the  young  plante 
could  have  access  to  it.  The  lime  might  sei*ve  in  some  measure 
also  to  protect  the  young  plants  from  insecte,  and  to  promote 
nitrification. 
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Leaching  out  of  Lime. 

It  is  undoubtedly  trae  that,  when  lime  has  been  applied  to  the 
land  in  rainy  regions,  the  rain-water  which  percolates  through  the 
soil  will  carry  away  much  lime,  because  when  either  lime  or  car- 
bonate  of  lime  are  present  in  a  soil  they  unite  readily  with  the 
carbonic  acid  which  results  from  the  decay  of  humus  or  other 
vegetable  matter,  and  form  soluble  bicarbonate  of  lime,  which 
passes  down  into  the  subsoil  in  the  percolation  water,  and  in  some 
part  goes  out  of  the  soil  altogether.  It  has  been  observed  of  cal- 
careous soils  in  England,  that  carbonate  of  lime  is  the  most  promi- 
nent soluble  constituent  in  the  water  which  flows  out  from  field- 
drains,  and  that  any  application  of  manure  wl^ich  increases  the 
fertility  of  the  land  increases  also  the  proportion  of  carbonate  of 
lime  in  the  drain-water,  since  the  amount  of  carbonic  acid  in  the 
soil  rises  with  the  amount  of  crop  residue  annually  undergoing  de- 
composition. With  the  application  of  artificial  manures  there  is 
a  large  increase  of  otlier  salts  of  calcium  than  the  carbonate  in  the 
drain-water;  thus  superphosphate  of  lime,  sulphate  of  potash  and 
sulphate  of  ammonia  naturally  increase  the  amount  of  sulphate  of 
lime  in  the  drainage ;  and  when  an  ammonium  salt  is  applied  there 
is  a  further  production  of  nitrate  of  lime  through  the  nitrification 
of  the  ammonia.  In  the  experiments  of  Lawes  and  Gilbert,  the 
loss  of  lime  which  the  soil  suffers  when  ammonium  salts  are  ap- 
plied to  it  continually  has  necessitated  in  some  instances  the 
application  of  heavy  dressings  of  chalk  or  lime,  for  in  the  absence 
of  carbonate  of  lime  the  action  of  the  ammonium  salts  on  pasture- 
grass  has  been  found  to  be  injurious  rather  than  beneficial.  (War- 
ington.) 

Accoi'ding  to  Hilgard,  there  can  be  no  question  that  the  leach- 
ing out  of  lime  from  soils  is  one  cause  of  their  impoverishment. 
Because  of  it,  most  subsoils  in  rainy  regions  contain  rather  more 
lime  than  is  contained  in  the  surface  soils.  The  absence  of  such 
leaching  action  in  arid  regions  has  been  supposed  to  be  one  reason 
why  these  countries  exhibit  exceptional  fertility  when  they  come 
to  be  irrigated.  An  illustration  of  the  amount  of  lime  which 
might  be  removed  from  a  soil  by  leaching  has  been  given  by 
Schloesing  as  follows:  <^  There  would  be  no  improbability  in 
admitting  that  the  ground  air  in  a  fertile  or  recently-manured 
calcareous  soil  might  contain  as  much  as  1  ^  of  carbonic  acid,  or 
that  water  lying  in  contact  with  that  ground  air  could  hold  difi- 
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solved  as  much  as  0.196  gnn.  of  carbonate  of  lime  to  the  litre. 
But  in  case  the  rainfall  of  the  locality  was  24  inches,  and  that  no 
more  than  one-fifth  of  this  water  percolated  through  the  soil,  that 
would  amount  to  480  cubic  metres  of  drainage  to  the  acre,  which 
would  carry  away  200  lb.  of  the  lime-carbonate. 
Carbonate  of  Lime. 

A  few  words  remain  to  be  said  about  carbonate  of  lime,  as  such, 
though  of  course  wherever  caustic  lime  is  applied  to  land  it  comes 
to  act  as  carbonate  of  lime  as  soon  as  it  has  once  been  thoroughly 
neutralized  with  carbonic  acid ;  and  it  may  well  be  true  that,  in 
many  cases,  the  good  effects  of  liming  are  really  due  to  the  car- 
bonate of  lime  which  results  from  this  neutralization.  Indeed,  it 
has  sometimes  been  urged,  in  respect  to  certain  English  localities, 
that  the  effects  observed  during  the  first  year  after  liming  are  apt 
to  be  inconsiderable  as  compared  with  those  noticed  in  the  second 
and  succeeding  years,  and  the  inference  has  been  drawn  that  the 
fertilizing  action  may  really  have  been  due  to  carbonate  of  lime 
rather  than  to  the  original  quicklime.  Limestone  gravels  have  in 
fact  been  used  in  very  large  quantities  in  some  localities  for  fer- 
tilizing the  land,  and  with  marked  success  in  the  damp  climate  of 
Ireland,  as  has  been  set  forth  by  AiHiur  Young. 

Reference  has  already  been  made,  under  Composts,  to  the  fact 
that  the  lime-carbonate  favors  the  fermentation  of  humus  and  ni- 
trification also.  The  experiment  of  Schulze,  already  cited,  is  of 
special  interest  as  bearing  upon  this  point.  In  repeated  instances 
he  charged  pairs  of  glass  cylinders  standing  in  mercury,  and  full 
of  atmospheric  air,  with  equal  quantities  of  loam  that  was  rich  in 
humus  of  rather  sour  character.  But  he  mixed  the  loam  of  one 
cylinder  with  ^  its  weight  of  carbonate  of  lime,  while  to  the  other 
cylinder  he  made  no  addition.  After  the  lapse  of  from  4  to  8  days 
he  found  habitually  that  all  the  free  oxygen  had  disappeared  from 
the  air  of  the  cylinder  that  contained  the  lime-carbonate,  and  that 
this  oxygen  had  been  converted  into  carbonic  acid  by  oxidation  of 
the  loam,  while  in  the  other  cylinder  not  more  than  half  the  oxy- 
gen was  consumed  in  the  given  space  of  time.  Ordinarily,  the 
oxidation  of  the  mere  loam  was  more  than  four  times  slower  than 
that  of  the  limed  loam.  This  observation  consists  with  practical 
experience  in  France,  where  it  has  been  noticed  in  dry  regions  that 
the  organic  matter  in  calcareous  soils  speedily  disappears  unless 
pains  are  taken  to  replace  it  by  means  of  baniyard- manure,  or  by 
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occasionally  growing  crops  which  leave  mnch  refase  in  the  land. 
On  many  non-calcareons  soils  in  that  country  humus  tends  to  ac- 
cumulate rather  than  to  diminish. 

The  Humus  of  lAmeatane  Soils, 

In  regions  of  abundant  rains,  on  the  contrary,  humus  of  excel- 
lent character  may  accumulate  on  calcareous  soils  precisely  because 
the  lime-carbonate  hastens  the  partial  decay  or  humification  of 
vegetable  matters,  such  as  the  remains  of  plants.  It  is  very  no- 
ticeable indeed  in  regions  where  the  soils  and  waters  are  calcareous 
that  the  humus  is,  generally  speaking,  milder,  mellower  and  more 
fertile  than  that  of  non-calcareous  regions  which  are  exposed  to 
climates  of  equal  inclemency.  It  would  appear,  for  that  matter, 
that  sour  peat  or  moor-earth  is  seldom  if  ever  formed  in  limestone 
regions  in  temperate  climates.  Marshall  noticed,  long  ago,  in  lo- 
calities where  limestone  abounds,  that  the  humus  of  bog-meadows, 
and  especially  that  upon  the  edges  of  low-lying  ditches,  where  it 
is  exposed  to  the  air,  is  a  rich  black  mould  of  esteemed  fertility. 

It  is  to  be  presumed,  indeed,  that  one  prime  reason  of  the  fer- 
tility of  many  calcareous  regions  is  that  their  humus  is  ^^  mild," 
and  subject  to  rapid  nitrification.  It  is  easy  to  understand  how 
the  farmers  in  such  districts  might  readily  come  to  regard  bog-mud 
as  a  fertilizer  by  itself,  and  that  they  would  be  apt  to  attach  but 
little  importance  to  the  making  of  the  composts  that  are  so  much 
esteemed  in  many  granitic  countries.  The  remarkable  fertility  of 
Aroostook  County,  at  the  extreme  northernmost  limit  of  the  State 
of  Maine  —  as  contrasted  with  the  comparative  sterility  of  the 
greater  part  of  New  England  —  appears  to  depend  primarily  upon 
the  prevalence  of  limestones  there,  and  upon  their  action  in  favor- 
ing the  formation  of  mellow  humus. 

Hilgard  has  repeatedly  called  attention  to  the  fact  that  the  prairie 
soils  of  our  Western  States  contain  no  small  proportion  of  lime, 
and  has  insisted  —  as  upon  a  fact  of  experience  common  to  all 
countries  exceptii^  those  so  cold  that  the  formation  of  moor-earth 
is  specially  favored  —  that  wherever  a  particularly  dark-colored 
upland  loam  is  met  with,  it  may  be  regarded  as  good  evidence  that 
a  calcareous,  rock  or  soil  will  be  found  lying  beneath  that  loam. 
Carboiuite  of  Lime  may  prevent  P^iddling. 

The  importance  of  the  lime-carbonate  as  a  means  of  hindering 
the  puddling  of  clayey  soils  has  already  been  mentioned  under  the 
head  of  Lime.     It  appears,  indeed,  that  in  very  many  instances  it 
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is  really  a  solution  of  carbonate  of  lime  in  carbonic-acid  water,  i.  e. 
the  Bo-called  bicarbonate  of  lime,  which  is  the  effective  i^ent  for 
coagulating  the  clay.  The  remarkable  clearness  of  the  streams  in 
chalk  districts  has  often  been  commented  upon  by  English  anglers, 
and  the  water  of  the  Lake  of  Geneva  offers  a  noteworthy  illustra- 
tion of  the  action  now  in  question,  for  this  water  is  particularly 
clear  in  spite  of  the  great  turbidity  of  the  glacial  streams  that  flow 
into  the  lake.  All  the  suspended  matters  are  coagulated  and  pre- 
cipitated as  soon  as  they  mix  with  the  lake-water,  which  is  charged 
with  the  lime-carbonate.  In  10  litres  of  water  taken  from  the 
Bhone  at  Geneva,  at  a  point  where  it  has  the  same  composition  as 
the  lake-water,  Deville  found  789  milligrams  of  cai'bonate  of  lime, 
49  of  carbonate  of  magnesia,  466  of  sulphate  of  lime,  and  63  of 
sulphate  of  magnesia;  i.  e.  in  one  litre  63.5  mg.  of  lime  and  4.5 
mg.  of  magnesia.  Small  quantities  of  alkali  salts  were  present 
also.  As  a  general  rule,  any  water  —  whether  taken  from  wells, 
rivers  or  ponds  —  which  is  noticeably  clear,  bright  and  sparkling, 
will  be  found  to  be  ^'  hard  "  from  the  presence  of  lime  salts. 

Other  things  being  equal,  there  is  less  risk  that  a  soil  which  con- 
tains considerable  quantities  of  lime-carbonate  will  be  puddled  by 
rain  than  there  would  be  if  none  of  the  carbonate  were  present. 
Even  when  the  store  of  bicarbonate  and  other  saline  matters  natu- 
rally present  in  the  soil-water  has  been  diluted  or  washed  away  by 
rain,  new  portions  of  it  will  speedily  be  formed  to  coagulate  anew 
any  particles  of  clay  which  may  have  been  puddled. 

Schloesing  has  suggested  that,  if  soils  could  be  conceived  of  that 
contained  neither  solutions  of  the  lime-carbonate  nor  of  other 
saline  matters  in  their  pores,  it  would  follow  that  the  earth  could 
no  longer  have  the  power  to  clarify  muddy  liquids.  On  the  con- 
trary, the  soils  themselves  would  be  changed  to  mud  whenever 
rain-water  fell  upon  them,  and  all  brooks  and  rivers  would  be 
muddy,  because  the  clayey  and  loamy  parts  of  soils  would  slowly 
be  washed  away  through  them  into  the  sea,  until  nothing  but  sand 
and  gravel  were  left  behind.  Possibly  such  elutriation  and  strain- 
ing of  clay  from  sand  may  really  have  occurred  to  some  extent  in 
geological  epochs  anterior  to  the  appearance  of  vegetation  on  the 
earth's  surface ;  for  when  soils  contained  no  humus,  and  particu- 
larly when  the  waters  that  washed  the  soils  were  warm,  it  may 
perhaps  have  happened  that  not  enough  carbonic  acid  for  the 
rapid  solution  of  lime  and  the  effective  coagulation  of  the  clay  was 
brought  into  contact  with  the  soil. 
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From  the  evidence  above  Bet  forth,  it  follows,  as  Holleman  has 
urged,  that  the  ease  or  diflaculty  with  which  any  given  clay  soil  can 
be  worked  may  depend  on  the  amount  of  lime  contained  in  that 
soil.  Holleman  has,  in  fact,  found,  in  repeated  instances  in  Hol- 
land, that  when  the  physical  condition  of  a  clay  is  not  improved 
by  applications  of  gas-lime,  the  reason  of  the  failure  is  that  this 
particular  clay  is  naturally  calcareous ;  while  in  respect  to  clays 
poor  in  lime,  he  found  that  their  physical  condition  was  almost 
always  improved  by  applications  of  this  material.  As  the  result 
of  numerous  trials,  he  has  concluded  that  liming  will  probably 
improve  any  stiff  clay  which  contains  less  than  about  0.15  <^  of 
lime  that  can  be  dissolved  out  from  the  soil  by  means  of  carbonic- 
acid  water,  while  clays  that  contain  more  than  0.5  ^  of  lime  sol- 
uble in  carbonic-acid  water  will  probably  not  be  improved  by 
liming. 

Calcareous  Soils  are  usually  Fertile. 

Excepting  occasional  districts  where  chalk  or  dolomite  predom- 
inates unduly  —  i.  e.  regions  where  the  calcareous  rock  is  too  pure 
or  the  climate  is  too  dry  —  limestone  countries  are  commonly  fer- 
tile countries.  Sometimes  they  occur  as  veritable  oases  in  the 
midst  of  a  sterile  granitic  region,  as  in  the  case,  for  example,  with 
Aroostook  County  in  New  England.  It  may  be  admitted,  as  a 
general  rule,  that  regions  of  non-calcareous  soils  ai*e  at  a  disad- 
vantage as  compared  with  those  where  the  soils  are  somewhat  cal- 
careous. 

In  some  tracts  of  exceedingly  fertile  land  in  Germany  it  has 
been  found  that  the  soil  contains  8  or  9  ^  of  carbonate  of  lime 
throughout  the  entire  region ;  and  the  good  effects  of  marl  and 
leached  ashes  all  over  the  world  go  to  show  that  it  is  well  to  have 
a  large  store  of  carbonate  of  lime  in  the  land.  It  has  been  noticed 
also  by  geologists  that,  where  limestone  formations  and  deposits 
of  clay  meet  and  mingle,  fertile  soils  are  apt  to  occur.  Doubtless 
many  of  the  fertile  calcareous  soils  now  under  x^ultivation  were 
formed  originally  by  the  commingling  of  river-mud  and  coral-sand 
in  just  proportions  at  the  bottom  of  the  sea.  Of  course,  in  cases 
where  the  organisms  which  build  the  coral,  or  other  living  things, 
have  been  buried  in  the  mud  or  clay,  the  final  soil  may  contain  a 
fair  proportion  of  phosphates  and  other  forms  of  plant-food  be- 
side carbonate  of  lime. 

Arthur  Young,  in  dwelling  upon  the  great  advantages  resulting 
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from  the  general  plenty  of  limestone  and  limestone  gravel  in  Ire- 
land, has  said :  ^^  If  as  mach  rain  fell  upon  the  clays  of  England 
(a  soil  very  rarely  met  with  in  Ireland,  and  never  without  much 
stone)  as  falls  upon  the  rocks  of  her  sister  island,  those  lands 
could  not  be  cultivated.  But  the  rocks  in  Ireland  are  clothed  with 
verdure  —  those  of  limestone,  with  only  a  thin  covering  of  mould, 
have  the  softest  and  most  beautiful  turf  imaginable." 
Chalking  of  Clay  Soils, 

It  is  said  to  be  commonly  remarked  in  England  that  the  clayey 
and  loamy  soils  of  that  country  are  fertile  only  when  they  contain 
an  appreciable  quantity  of  lime.  Where  clay  soils  occur  there  on 
the  edge  of  the  chalk  districts,  it  is  a  common  practice  to  *• '  chalk  *' 
the  clay.  Chalk  is  carted  upon  the  clay  land  at  the  rate  of  some 
80  to  100  cubic  yards  to  the  acre,  and  left  to  disintegrate  over 
winter,  in  little  heaps  4  or  5  yards  apart,  which  are  spread  in  the 
spring.  ''Free  chalk  —  such  as  is  reduced  to  powder  by  the 
frosts  —  is  excellent  manure  for  stiff  land,  and  it  produces  a  com- 
plete change  in  the  nature  of  clays.  In  some  localities  in  Eng- 
land the  land  is  manured  by  digging  wells  in  the  fields  and 
bringing  up  the  underlying  chalk,  to  be  spread  about  on  the  land. 
It  is  laid  out  upon  the  surface,  where  it  is  crumbled  to  powder  by 
the  frost,  and  thus  gets  incorporated  with  the  loam."  (Cobbett.) 
''  By  a  proper  application  of  this  substance,  the  most  tenacious 
clays  are  rendered  friable  and  mellow,  and  their  native  stubborn- 
ness and  adhesion  overcome."  (Banister.) 

Some  farmers  have  found  chalking  a  remedy  for  club-foot  in 
turnips ;  a  disease  against  which  quicklime  is  ordinarily  employed, 
as  has  been  said.  Indeed  it  is  recognized  in  Europe  that  turnips 
grow  exceptionally  well  on  calcareous  soils,  and  that  this  plant  is 
specially  grateful  for  applications  of  lime  or  marl.  European 
farmers  urge  that  carbonate  of  lime,  when  not  in  excess,  has  a 
favorable  influence  on  the  decomposition  of  farmyard-manure  in 
the  soil,  and  that  on  this  account,  as  well  as  for  other  reasons,  it  is 
always  desirable  that  sandy  and  clayey  soils  should  contain  con- 
siderable quantities  of  calcareous  matters,  as  an  admixture.  But 
as  regards  soils  composed  wholly  or  in  good  part  of  chalk,  it  is 
complained  —  at  least  in  warm  countries,  such  as  France  —  that 
manure  decomposes  too  rapidly  upon  them.  Indeed,  except  in 
rainy  countries,  chalk  soils  are  objected  to  on  several  accounts. 
They  can  be  easily  and  cheaply  worked,  it  is  true,  but  they  are 
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commonly  late  and  cold  in  the  spring,  because  of  their  white  color, 
and  are  apt  to  dry  out  absolutely  in  midsummer  in  regions  where 
showers  are  rare.  Frost  heaves  them  badly,  and  winds  blow  them 
away  so  that  the  roots  of  crops  may  be  laid  bare.  Most  of  these 
objections  are  met  in  rainy  countries  by  letting  chalk  soils  lie  as 
permanent  pastures,  which  become  covered  with  fine  and  delicate 
herbage  which  is  highly  esteemed. 

The  great  fact,  that  limestone  regions  are  fertile  regions  almost 
everywhere,  does  but  reinforce  the  argument,  that  the  character  of 
a  soil  may  often  be  permanently  changed  by  incoiporatiug  with  it 
a  per  cent  or  two  of  lime,  either  by  actually  liming  the  land  or  by 
dressing  it  with  chalk  or  marl  or  waste-lime  of  one  kind  or  an- 
other. It  may  even  be  possible  in  this  way  to  change  rye-land  to 
wheat-land,  as  Gasparin  has  urged.  When  the  farmers  of  New 
England  have  come  to  understand  clearly  that  the  leached  ashes 
they  so  much  esteem  are  really  little  more  than  very  finely  pow- 
dered limestone,  they  will  probably  begin  to  use  other  forms  of 
the  lime-carbonate  more  freely  than  they  do  now.  There  is,  by 
the  way,  nothing  of  novelty  in  this  assertion.  Ruffin,  in  his  work 
*'  On  Calcareous  Manures,"  long  ago  wrote  as  follows :  "  Wood- 
ashes,  after  being  deprived  of  their  potash,  have  calcareous  earth 
and  a  small  proportion  of  phosphate  of  lime  as  their  only  fertiliz- 
ing ingredients ;  and  both  together  do  not  commonly  make  more 
than  there  is  of  calcareous  earth  in  the  same  bulk  of  good  marl. 
Except  for  the  proportion  of  phosphate  of  lime  they  contain,  drawn 
ashes  are  simply  artificial  marl,  more  fit  for  immediate  action  by 
being  finely  divided,  but  weaker  than  our  best  beds  of  fossil 
shells." 

Attention  has  already  been  directed  in  Volume  I  to  the  power 
of  chalk  rock  and  chalky  soils  to  hold  water,  and  a  somewhat 
similar  remark  will  apply  to  loess  formations  and  to  many  other 
fine  calcareous  soils,  notably  to  calcareous  clays  which  have  been 
left  as  a  residue,  where  great  masses  of  limestone  have  been  dis- 
solved by  water  and  so  carried  away.  In  Maryland,  according  to 
M.  Whitney,  ' '  these  limestone  soils  are  too  retentive  of  moisture 
for  early  truck.  In  an  average  season  they  would  maintain  such 
an  abundant  supply  of  water  that,  although  large  crops  would  be 
assured,  the  crops  would  be  late  in  coming  to  maturity." 
Calcareous  Sands  and  Shells. 

A  sand  of  carbonate  of  lime  consisting  of  finely  comminuted 
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sea-shells,  found  in  sheltered  bays  upon  rocky  coasts,  is  largely 
used  as  a  fertilizer  upon  the  coast  of  Ireland  and  the  Channel 
coast  of  France,  as  well  as  in  some  parts  of  England.  From  the 
little  ports  on  the  Channel  the  French  farmers  transport  this  sand 
inland  20  or  30  miles  in  wagons,  and  in  Cornwall  it  is  carried  to 
even  greater  distances  by  rail.  It  is  said  to  be  applied  with  special 
advantage  to  stiff  clay  soils.  According  to  Deh^rain,  the  best 
quality  of  shell-sand  is  usually  applied  at  the  rate  of  from  70  to 
180  bushels  to  the  acre,  while  samples  of  medium  quality  are  ap- 
plied at  the  rate  of  from  110  to  230  bushels.  In  the  environs  of 
Cherbourg  as  much  as  300  to  1000  bushels  to  the  acre  are  some- 
times used. 

Another  account  says  that  it  is  applied  with  much  benefit  to 
marshy  grass-lands  at  the  rate  of  10  or  12  tons  to  the  acre. 
Though  often  put  upon  the  land  directly,  it  is  frequently  first  made 
into  a  compost  with  peat,  pond-mud  or  stable-manure.  According 
to  Gasparin,  it  is  always  associated  with  manure  or  with  sea- 
weeds. The  sea-sand  is  said  to  improve  the  character  of  the 
herbage  in  pastures,  to  destroy  moss  and  innutritious  swamp 
plants,  and  to  favor  the  growth  of  leguminous  plants.  Indeed  it 
has  been  claimed  that  the  growing  of  clover  and  lucern  on  the 
granitic  soil  of  Brittany  first  became  practicable  through  the  use 
of  this  material.  It  is  esteemed  for  turnips  and  for  potatoes,  and 
also  for  the  cereal  grains. 

In  Devonshire,  England,  the  shell-sand  is  applied  at  the  rate  of 
11  to  13  two-horse  loads  to  the  acre  before  ploughing  for  wheat; 
and  it  is  considered  to  be  valuable  on  grass-land  also  in  that  it 
produces  sweet  and  luxuriant  herbage.  A  Scotch  writer  has  urged 
that,  taking  cost  into  account,  shell-sand  is  the  best  top-dressing 
for  natural  pastures,  in  his  locality,  and  this  is  clearly  the  general 
opinion  on  the  Channel  coast  of  France.  As  has  been  explained 
already,  Chalk,  like  any  other  form  of  carbonate  of  lime,  may  act, 
according  to  the  circumstances,  either  to  loosen  stiff  clays  or  to 
bind  some  soils  which  are  naturally  too  loose  or  incoherent. 
Shell-lime  versus  SheU-flour, 

Oyster-shell  flour,  such  as  was  made  in  great  quantities  in  Bos- 
ton a  few  years  ago,  was  as  good,  and  probably  better,  than  the 
shell-sand.  But  there  is  small  reason  to  believe  that  the  powdered 
shells  are  any  better  than  lime  obtained  from  shells  that  have  been 
burnt.   In  experiments  made  upon  light  land  at  the  Bussey  Institu- 
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Hon,  it  appeared  that  oyster-shell  flour,  that  is  to  say  fresh  oyster- 
shells  ground  extremely  fine,  did  not  give  quite  so  good  crops  as 
caustic  lime  that  had  been  prepared  by  burning  oyster-shells. 
Moreover,  on  analyzing  sea-shells,  it  appears  that  the  oiganic 
matter  which  they  contain  is  wellnigh  free  from  nitrogen.  There 
is  no  evidence  that  this  organic  matter  is  of  the  least  use  as  a 
manure,  unless  indeed  it  may  perchance  be  fit  food  for  microscopic 
ferments.  Hence  there  is  no  reason  why  the  farmer  should  be  at 
the  expense,  either  of  having  the  shells  ground,  or  of  carting  the 
useless  constituents  which  can  be  expelled  by  burning. 

The  cheapest  way  to  obtain  carbonate  of  lime  in  powder  is  to 
bum  the  original  limestone,  or  sea-shells  if  they  are  to  be  had, 
and  to  slake  the  product  with  water.  The  slaking  may  be  done  in 
heaps  covered  with  moistened  earth,  as  has  been  described,  and 
the  fine  powdery  hydrate  of  lime  spread  directly  upon  the  land,  or 
the  lime  may  be  used  in  the  compost-heap ;  or  the  quicklime  might 
be  left  to  become  air-slaked  by  exposure  to  the  air,  and  the  pro- 
duct be  applied  to  the  land  instead  of  leached  ashes.  Air-slaked 
lime  is  sometimes  spoken  of  as  a  hydrocarbonate  of  lime.  It  is  in 
fact  a  particularly  intimate  mixture  of  the  hydrate  and  the  car- 
bonate. 

Of  course  it  must  happen,  whenever  freshly  slaked  lime  is  ap- 
plied directly  to  the  land,  that  it  will  act  at  first  as  caustic  lime. 
Only  after  that  action  is  finished  will  the  influence  of  carbonate  of 
lime  be  much  felt.  But  manifestly  by  proceeding  in  this  way  the 
affair  is  complicated  by  the  caustic  lime  which  acts  upon  the  land 
at  one  stage  of  the  process,  and  no  one  can  say  just  what  carbon- 
ate of  lime  might  have  done  if  used  by  itself.  It  is  not  impos- 
sible that  cases  may  occur  where  the  action  of  the  caustic  lime 
upon  the  soil  would  be  detrimental ;  and  it  is  to  be  noted  that,  in 
such  event,  the  diflSculty  would  only  be  partially  overcome  by  al- 
lowing the  quicklime  to  slake  in  the  air. 

There  is  always  one  great  advantage  to  be  credited  to  quick- 
lime, in  that  the  cost  of  transporting  it  will  be  decidedly  less  than 
that  of  transpoii;ing  powdered  limestone.  The  atomic  weights  of 
calcium,  carbon,  and  oxygen  are  respectively  40, 12,  and  16 ;  and 
the  molecular  weight  of  carbonate  of  lime  (GaCO,)  is  100.  But 
there  are  44  lb.  of  carbonic  acid  (CO,)  in  that  amount  of  pure 
carbonate  of  lime,  that  is  to  say,  almost  one  half  the  weight  of 
the  material ;  and  by  expelling  this  carbonic  acid  at  the  quari^. 
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there  will  be  just  thas  much  less  of  dead  weight  to  be  transported 
to  the  farm. 

The  argument  as  previously  stated  means  merely,  that  by  apply- 
ing powdered  limestone  or  sea-shells  the  experimenter  is  in  so  far 
master  of  his  position.  He  will  know  precisely  what  he  is  doing, 
and  be  able  to  judge  from  the  crop  whether  or  not  the  lime-car- 
bonate has  done  any  good.  But  when  the  carbonate  has  been 
obtained  as  a  secondary  product  by  starting  with  quicklime,  it  can 
never  be  known  with  certainty  whether  the  observed  effects  should 
be  attributed  to  caustic  lime  or  to  the  carbonate. 
Use  of  LeacJied  Ashes. 

It  is  not  impossible,  when  the  modes  of  action  of  lime  com- 
pounds come  to  be  understood  more  clearly  than  they  are  now, 
that  only  carbonate  of  lime  will  be  applied  to  some  kinds  of  soils, 
and  the  use  of  quicklime  be  restricted  to  special  varieties  of  land 
and  to  the  compost-heap.  This  conclusion  is  foreshadowed  by  the 
extended  use  that  is  made  even  now  of  leached  ashes  in  many 
districts,  as  well  as  by  French  experience  with  shell-sand  as  just 
now  described.  Indeed,  in  direct,  comparative  trials  of  lime  and 
shell-sand,  Philippar  obtained  per  hectare  4,570  kilos,  more  par- 
snips, and  8,200  kilos,  more  potatoes,  and  in  the  case  of  rye  870 
kilos,  more  grain  and  2,950  kilos,  more  straw,  than  were  got  from 
the  limed  land. 

In  some  parts  of  Rhode  Island,  Connecticut,  Vermont,  and 
Massachusetts,  leached  ashes  have  long  been  highly  esteemed,  and 
they  continue  to  be  used  in  these  localities  very  freely,  even  when 
the  cost  of  the  matenal  is  high.  As  much  as  18  or  20  cents  the 
bushel  of  55  lb.  is  said  to  be  paid  for  Canadian  leached  ashes  in 
Connecticut.  Leached  ashes  are  always  more  or  less  moist,  and 
may  be  estimated  to  contain  35  ^  of  water  on  the  average,  as  re- 
ceived by  consumers  hereabouts.  !N early  half  of  the  moist  ma- 
terial is  carbonate  of  lime  in  the  condition  of  a  fine,  soft  powder. 
There  are  8  or  4  ^  of  magnesia  also,  beside  clay,  sand,  charcoal, 
and  other  impunties.  Such  ashes  rarely  contain  as  much  as  1  ^ 
of  potash,  or  more  than  a  per  cent  and  a  third  of  phosphoric  acid. 
If  the  carbonic  acid  be  classed  as  inert  matter,  together  with  the 
sand  and  charcoal,  it  will  appear  that  scarcely  more  than  one-third 
the  weight  of  leached  ashes  can  be  regarded  as  possessing  any 
fertilizing  value  whatsoever. 
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Factitious  Leached  Ashes. 

S.  W.  JohnsoD  has  suggested  that  leached  ashes  might  readily 
be  imitated  by  mixing  together  80  lb.  of  fresh-burned  shell-lime/ 
8  lb.  of  kainit,  and  10  lb.  of  fine  bone-meal.  These  materials 
would  supply  28  lb.  of  lime,  2.8  of  phosphoric  acid,  1.0  of  potash, 
and  0.7  of  magnesia ;  and,  with  the  exception  of  magnesia,  which 
is  rarely  lacking  in  soils,  would  probably  be  equal  to  100  lb.  of 
leached  ashes,  as  used  for  fertilizing  purposes.  He  urges  that,  in 
many  localities,  such  a  mixture  might  be  economically  substituted 
for  leached  ashes ;  and  that,  still  better,  such  of  its  components 
as  experience  might  show  to  be  useful  could  be  used  to  greater 
advantage  than  leached  ashes  themselves. 

It  is  to  be  presumed  that  the  soils  on  which  leached  ashes  do 
their  best  service  are  specially  fit  for  nitrification,  and  that  this 
process  is  promoted  by  the  lime-carbonate.  In  this  view  of  the 
matter,  leached  ashes  would  be  of  little  use  on  soils  not  rich 
enough  in  organic  remains  to  admit  of  ready  nitrification,  unless 
indeed  they  were  used  in  conjunction  with  farmyard-manure,  or 
some  other  source  of  nitrogen.  This  idea  consists  perfectly  with 
the  field  observations  of  Schulz,  that  the  fertilizing  action  of  farm- 
yard-manure may  be  decidedly  increased  by  applying  finely  pow- 
dered carbonate  of  lime  and  ploughing  it  under  with  a  shallow 
furrow.  So  too,  Maercker,  on  applying  similar  dressings  of  car- 
bonate of  lime,  as  an  addition  to  dressings  of  sulphate  of  am- 
monia, got  better  results  than  were  obtained  by  means  of  the 
sulphate  without  the  lime-carbonate. 

Beside  the  direct  action  of  carbonate  of  lime  in  feeding  the 
plant  and  reacting  upon  the  various  matters  which  occur  with  it  in 
the  soil-water,  it  has  a  distinct  though  feeble  power  of  decompos- 
ing organic  matters,  something  as  an  alkali  would.  There  is 
nothing  very  extraordinary  in  this,  for,  as  is  well  known,  the 
solution  of  carbonate  of  lime  in  carbonic-acid  water  has  a  decided 
alkaline  reaction ;  and,  as  the  experiments  of  Johnson  have  shown, 
the  action  of  carbonate  of  lime  on  peat  is  real  though  feeble. 
Carbonaie  of  Lime  a  Regxdator, 

The  presence  of  a  quantity  of  carbonate  of  lime  in  a  soil  may 
sometimes  be  useful  as  a  safeguard  against,  or  as  an  addition  to, 
saline  fertilizers.     Thus,  when  chloride  of  potassium,  sulphate  of 


1  Perhaps  It  wonld  be  weU  to  slake  the  lime,  and  then  expose  it  to  the  air  In  a  bam 
cellar,  with  occasional  stirrings,  before  adding  the  other  ingredients. 
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potash,  or  common  salt  are  applied  to  land  that  contains  carbonate 
of  lime,  the  salts  are  slowly  decomposed,  with  formation  of  bi- 
carbonate of  potash,  or  bi-carbonate  of  soda,  as  the  case  may  be, 
and  these  alkaline  compounds  have  usually  a  better  fertilizing  ac- 
tion than  the  chlorides  and  sulphates  whence  they  came.  In  this 
case  the  carbonate  of  lime  acts  as  a  regulator,  as  it  were,  to  keep 
the  land  at  its  best ;  and  so  it  is  with  regard  to  nitrification,  as 
has  been  said.  According  to  Hilgard,  who  bases  his  remark  on 
observations  and  analyses  of  the  virgin  soils  of  our  Southern  and 
Western  States,  phosphates  are  more  readily  assimilable  by  crops 
growing  on  soils  which  contain  an  adequate  supply  of  lime  than 
by  those  growing  on  non-calcareous  soils.  He  finds  that  sandy 
loams  containing  no  more  than  0.1  %  of  phosphoric  acid  will  yield 
fair  crops  during  a  term  of  8  to  15  years,  provided  the  soil  con- 
tains lime  enough,  while  twice  this  proportion  of  phosphoric  acid 
will  not  serve  any  better  purpose  than  that  when  there  is  a  defi- 
ciency of  lime.  For  that  matter,  there  is  abundant  evidence  — 
as  has  already  been  set  forth  under  Lime  —  that  carbonate  of 
lime  often  acts  as  an  efiScient  agent  for  decomposing  silicates  in 
the  soil  and  liberating  the  plant-food  which  is  contained  in  them. 

Marls, 

In  connection  with  lime  compounds  marls  should  be  considered. 
The  word  ^'  marl "  is  a  somewhat  vague  term,  applied  to  mixtures 
of  calcareous  earth  and  various  proportions  of  clay,  or  loam,  or 
sand.  There  are  marls  containing  no  more  than  5  ^  of  carbonate 
of  lime,  and  others  that  carry  50  or  80  ^  of  the  carbonate. 

Shell  marls,  so  called,  consist  of  deposits  of  clay  and  silt,  ad- 
mixed with  small  shells,  that  are  found  beneath  the  surface  soil  of 
swamps,  and  sometimes  at  the  bottoms  of  ponds.  They  must  not 
be  confounded  with  the  diatomaceous  earth  (sometimes  of  pure 
white  color) ,  which  is  often  found  in  similar  situations,  and  which 
consists  of  innumerable  silicious  shells  of  microscopic  organisms. 
Occasionally,  shell  marls  contain  very  large  proportions  of  car- 
bonate of  lime.  The  heaps  of  oyster-shells,  or  of  shells  of  sea  or 
fresh- water  clams,  found  in  many  places  near  the  sea  or  on  the 
borders  of  ponds  and  rivers  where  Indians  formerly  congregated, 
are  in  no  sense  to  be  regarded  as  marl.  For  the  farmer,  these 
shell-heaps  are  simply  stores  of  limestone  fit  to  be  burned  to  lime 
when  the  conditions  are  favorable  for  this  enterprise. 

Generally  speaking,  it  is  only  the  carbonate  of  lime  in  a  marl 
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that  gives  it  its  fertilizing  power,  though  there  are  some  rare  varie- 
ties which  contain  appreciable  quantities,  not  only  of  phosphoric 
acid  and  potash,  but  of  organic  matters  rich  in  nitrogen.  The 
lime-carbonate  acts,  of  course,  to  correct  acidity  and  to  promote 
the  decay  of  organic  matter ;  and,  as  has  been  said  already,  after 
it  has  been  dissolved  by  the  carbonic-acid  water  in  the  soil,  it 
serves  to  flocculate  colloid  clay,  and  to  favor  nitrification.  The 
good  repute  in  which  marls  are  held  depends  upon  the  fact  that 
they  are  often  found  far  inland  in  the  hearts  of  agiicultural 
regions,  and  may  be  readily  applied  to  the  neighboring  land  at  no 
great  cost  for  transportation.  Unlike  quicklime,  they  can  rarely 
do  any  harm,  for  there  is  nothing  caustic  or  hurtful  in  them. 
Moreover,  they  are  often  applied  in  such  large  quantities  as  to 
alter  the  texture  of  the  soil,  and  to  serve  as  true  "  amendments.'* 

Upon  light  or  sandy  soils  in  particular,  such  as  are  apt  to  be- 
come too  loose  when  worked,  great  benefit  is  often  derived  from 
methods  of  tillage  which  tend  to  make  the  land  compact.  The 
use  of  the  roller,  folding  with  sheep,  teathing  with  cattle,  and 
methods  of  shallow  ploughing  have  all  been  employed  to  this  end, 
and  so  has  marling.  It  was  customary  at  one  time  in  certain  dis- 
tricts of  England  to  occasionally  cover  the  light  lands  with  heavy 
dressings  of  a  marl  which  has  been  described  as  being  usually  a 
strong  clay  containing  ^  great  deal  of  lime.  It  is  evident  enough 
for  that  matter  that  a  light  soil  dressed  with  seventy  or  eighty 
thousand  pounds  of  clayey  or  loamy  marl  to  the  acre  will  be  made 
sensibly  heavier,  and  so,  conversely,  of  a  sandy  marl  applied  to 
clay. 

Upon  some  of  the  low-lying  fen-lands  of  Lincolnshire,  great 
improvements  have  been  made  by  applying  clayey  marls  both  to 
peats  and  to  peaty  sands.  The  benefit  of  a  thorough  dressing 
with  marl  is  said  to  be  felt  during  ten  or  twelve  years,  though  the 
effect  is  very  variable,  according  to  the  character  of  the  marl  and 
of  the  soil.  It  is  to  be  noticed,  however,  that  in  some  of  these 
instances  mere  clay,  devoid  of  calcareous  matter,  might  perhaps 
hav.e  answered  nearly  as  good  a  purpose  as  the  marl.  Indeed 
instances  are  not  lacking  in  European  experience  where  clays  ap- 
plied in  this  way  have  served  excellently,  especially  as  a  means 
of  bringing  in  white  clover  upon  poor  light  calcareous  land. 

As  a  general  rule,  however,  it  is  the  fact  of  admixture  of  clayey 
and  calcareous  matters  which  makes  marls  so  serviceable  ^  ^  both  to 
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Btitf  and  to  thin  soils,  breaking  the  one  and  giving  substance  to 
the  other."  '^  It  mends  any  kind  of  land/'  says  a  writer  on  has- 
bandiy,  early  in  the  16th  century  (as  cited  by  Thorold  Rogers). 
Gasparin  cites  examples  where  good  results  were  obtained  habit- 
ually in  France  by  applying  1 1  tons  to  the  acre  of  a  marl  which 
contained  77  <^  of  pulverulent  carbonate  of  lime,  or  12  tons  of  a 
marl  containing  68  ^  ;  and  Deh^rain  says  that  it  is  still  usual  in 
that  country,  in  regions  where  marl  is  employed,  to  apply  it  at  the 
rate  of  from  10  to  20  tons  to  the  acre  once  in  15  or  20  years.  In 
the  17th  century,  in  Lancashire,  England,  it  was  customary  to 
apply  marl  every  1 2th  year  to  land  that  was  kept  constantly  under 
the  plough.  (Houghton.)  The  old  French  writer  Puvis  argued 
from  a  theoretical  point  of  view  that  in  marling  land  as  mucli 
marl  should  be  applied  as  would  be  sufficient  to  add.  to  every  100 
lb.  of  soil  moved  by  the  ploughshare,  3  lb.  of  carbonate  of  lime. 
This  idea  was  based  on  estimates  of  the  amount  of  calcareous 
matter  naturally  contained  in  some  rich  clays  and  on  practical 
experience  of  marling,  though  as  Gasparin  has  pointed  out,  marl 
has  been  known  to  produce  excellent  effects  when,  instead  of  the 
3  ^  insisted  upon  by  Puvis,  it  added  to  the  land  less  than  0.8  ^ 
of  carbonate  of  lime. 

It  needs  to  be  borne  in  mind  that  the  mechanical  condition  of  a 
marl  has  much  to  do  with  its  value.  Just  as  coarsely  crushed 
bones  are  worth  far  less  to  the  fanner  than  bone-meal,  so  a  rough, 
lumpy  marl  will  have  less  value,  other  things  being  equal,  than 
one  whose  particles  are  fine.  It  follows,  of  course,  that  mere 
chemical  analysis  of  a  marl  is  not  sufficient  to  determine  its  value. 

Marls  are  commonly  classed,  according  to  their  mechanical  con- 
dition or  consistence,  as  stone  marl,  shell  marl,  earthy  marl,  or 
slaty  marl.  A  striking  peculiarity  of  the  really  good  marls  is  their 
capacity  of  falling  to  powder  under  the  influence  of  the  weather 
after  they  have  ^een  spread  upon  a  field.  This  phenomenon  de- 
pends upon  the  unlike  behavior  towards  water  of  the  clay,  the 
sand,  and  the  calcareous  earth  which  the  marl  contains.  The  clay 
swells  on  being  wetted  by  rain,  while  the  sand  and  the  lime-car- 
bonate do  not.  When  dry  weather  sets  in,  the  moist  clay  shrinks 
in  upon  itself,  while  the  sand  and  the  lime  compound  remain 
unchanged.  Hence,  by  alternate  wettings  and  dryings,  the  co- 
herence of  the  marl  is  destroyed,  and  the  original  lumps  of  it 
gradually  crumble  to  powder.    In  winter  also  the  crumbling  pro- 
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cess  is  hastened,  when  the  weather  occasions  alternate  freezing 
and  thawing. 

The  use  of  old  mortar,  or  plastering  taken  from  buildings  that 
have  been  burned  or  otherwise  demolished,  though  hardly  analo- 
gous to  marling  properly  so  called,  may  in  general  be  regarded 
merely  as  an  application  of  coarse  carbonate  of  lime,  though  there 
is  often  some  gypsum  in  the  mixture,  more  or  less  caustic  lime> 
and  occasionally  a  little  nitrate  of  lime,  especially  in  plastering, 
which  is  to  be  accounted  a  better  fertilizer  than  mortar  because  it 
contains  cow's  hair,  as  well  as  lime  and  sand.  Other  kinds  ot 
refuse  lime  which  aro  to  be  had,  in  some  localities  almost  for  the 
asking,  are  the  ^^scum"  fi*om  sugar-houses  and  the  ''scutch"  of 
skin-dressers,  already  described  in  Volume  I,  and  the  waste  lime 
of  soap-boilers,  which  consists  chiefly  of  carbonate  of  lime. 
RecapitiUatioji. 

To  recapitulate,  and  the  question  now  is  of  lime  proper :  — 

Lime  may  act  to  alter  the  capillary  condition  of  the  soil,  both 
by  coating  the  earth,  as  was  explained,  and  by  flocculating  the 
colloid  clay  in  it. 

It  may  act  on  hydrous  silicates  in  the  soil  to  push  out  from  them 
potash,  or  the  like. 

It  may  decompose  the  inert  nitrogen  compounds  in  vegetable 
mould,  and  may  even  do  good  by  merely  disoi*ganizing  vegetable 
remains. 

It  may  neutralize  undue  acidity,  whether  caused  by  an  excess  of 
humic  acids,  or  by  the  presence  of  ferrous  sulphate. 

It  may  destroy  insects  and  worms,  and  some  hurtful  fungi: 
though  the  presence  of  carbonate  of  lime  in  the  soil  is  important 
for  nitrification. 

It  may  help  to  disintegrate  rocks  and  minerals. 

The  presence  of  it  in  the  soil  often  increases  the  ''  absorptive 
power  "  of  the  soil;  that  is  to  say,  the  power  of  fixing  and  hold- 
ing potash,  etc. 

CHAPTER  XXVn. 

SODIUM  COMPOUNDS. 

Of  sodium  compounds,  considered  as  fertilizing  agents,  com- 
paratively little  need  be  said.  Methodical  experiments  have  shown 
that  sodium  is  apparently  not  essential  to  the  life  of  agricultural 
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plants.  Crops  can  grow  perfectly  well  without  it.  Or,  at  the 
most,  they  need  so  small  a  ti*ace  of  soda  that  enough  can  always 
be  obtained  from  the  supplies  to  be  found  in  the  soil,  or  even  in 
the  air.  The  soda  usually  found  in  the  ashes  of  plants  is  acci- 
dental and  non-essential.  The  old  notion  that  soda  could  replace 
potash  in  the  plant  has  been  disproved. 

Animals,  to  be  sure,  need  salt,  or  some  other  sodium  compound, 
in  order  that  they  may  live ;  and,  ordinarily,  they  obtain  the  chief 
part  of  their  supply  of  soda  from  plants.  But  these  considerations 
have  little  or  no  bearing  on  the  question  of  agriculture.  Domestic 
animals  might  always  be  supplied  with  soda  by  administering  to 
them  salt,  or  sulphate  of  soda,  directly ;  and  it  would  be  economi- 
cally absurd  to  send  them  the  soda  by  the  roundabout  way  of  the 
plant.  And  yet,  in  spite  of  all  this,  common  salt  is  often  found 
to  do  good  service  as  a  manure. 

Mode  of  Action  of  Common  Salt. 

The  explanation  of  this  fact  seems  to  be  that  the  salt  acts  indi- 
rectly. It  effects  the  decomposition  of  substances  already  present 
in  the  soil,  and  sets  free  from  them  some  things  which  are  needed 
by  plants.  It  is  somewhat  with  salt  as  it  is  with  gypsum,  except 
that,  while  gypsum  pushes  out  potash  with  especial  ease,  as  well 
as  magnesia  and  ammonia,  from  the  hydrous  double  silicates, 
common  salt  displaces  lime  first  of  all,  then  mi^nesia,  and  potash 
(as  well  as  some  phosphoric  acid)  only  to  a  subordinate  extent. 
The  discovery,  however,  even  of  thus  much,  viz.  that  salt  acts 
indirectly  to  dissolve  matters  that  are  already  in  the  soil,  has 
helped  to  clear  up  one  of  the  most  obscure  points  in  the  chemistry 
of  agriculture. 

Until  a  comparatively  recent  period,  it  was  impossible  to  com- 
prehend the  conflicting  statements  about  the  use  of  common  salt 
that  were  published  every  day.  One  farmer  found  it  a  valuable 
manure ;  another  was  led  to  regard  it  as  a  poison  sure  to  destroy 
his  crops,  while  a  large  number  of  observers,  perhaps  the  majority, 
could  not  perceive  that  they  derived  either  benefit  or  damage  from 
its  use.  On  the  whole,  the  verdict  of  most  practical  men  appears 
to  have  been  rather  unfriendly  to  the  use  of  salt.  A  good  exam- 
ple of  the  experiences  which  have  led  to  this  conclusion  is  seen  in 
an  experiment  made  by  Lawes.  Two  contiguous  plots  of  mod- 
erately good  land,  devoted  to  the  continued  growth  of  wheat, 
were  dressed  every  year  for  20  years  with  a  mixture  of  mineral 
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fertilizers  and  ammonium  salts ;  but  during  one  term  of  3  oonseca- 
tive  years  one  of  these  plots  received  3  cwt.  of  common  salt,  iu 
addition  to  the  regular  fertilizers,  while  the  other  plot  got  no  salt. 
Some  of  the  results  of  this  trial  are  given  in  the  following  table. 
The  harvests  are  the  averages  per  year  and  per  acre  for  the  terms 
of  years  stated :  — 

BulielB  of  WbMt.  TMal  Crop,  lb. 

Terms  of  Tears.  Grain  and  Straw. 

Salt  No  Salt  Salt  No  Salt 

Plot  Plot.  Plot  Plot 

3  yean  before  using  salt    .    .    .    82.26  82.75  6,988  6,976 

3  yean  with  salt 80.00  80.26  6,686  6/(68 

10  yean  after  using  salt  ....    40.76  40.75  7,799  7,811 

TbelByean 37.25  87.26  7,222  7,234 

It  is  now  known,  however,  that,  with  many  soils,  lime,  magne- 
sia and  potash  can  be  given  to  the  crop  by  applying  common  salt, 
or  any  other  soluble  sodium  compound,  to  the  land.  That  is  to 
say,  the  salt  acts  to  loosen  up  or  to  set  free  the  potash  of  the  soil, 
much  in  the  same  way  that  gypsum  does.  Bei*thier  observed,  long 
ago,  that  lucem-plants,  grown  on  a  highly  saline  soil,  contained 
an  abundance  of  potash  and  hardly  any  soda.  Wolff,  in  his  turn, 
grew  buckwheat  on  an  experimental  field,  one-half  of  which  was 
dressed  heavily  with  common  salt,  while  the  other  half  was  left 
unmanured.  On  analyzing  the  ashes  of  the  buckwheat  straw,  he 
found  that  the  portion  of  the  crop  which  had  received  the  salt  con- 
tained less  soda,  but  more  potash,  than  the  other. 

An  application  of  common  salt  to  the  land  might  thus  exert  a 
decided  fertilizing  action,  by  merely  pushing  out  lime  and  potash 
from  the  surface  soil,  and  sending  them  down  to  where  the  roots  of 
the  crop  are  growing.  The  probabilities  are,  however,  that  this 
elimination  of  potash  can  usually  be  effected  more  cheaply  by 
means  of  lime  compounds  than  by  means  of  sodium  salts ;  and  if 
a  sodium  salt  were  used  for  this  purpose,  the  nitrate,  which  is  a 
valuable  manure  of  itself,  because  of  the  nitrogen  contained  in  it, 
might  be  preferable. 

Voelcker  was  inclined  to  attach  considerable  practical  impor- 
tance to  the  fact  obsen^ed  by  him,  that  salt  has  power  to  liberate 
ammonium  salts  frt>m  the  feeble  combinations  in  which  they  exist 
in  soils  which  have  been  highly  manured  with  rotten  dung,  with 
guano  or  with  ammoniacal  fertilizers.  It  is  well  known,  he  says, 
that  salt  is  most  beneficially  applied,  either  alone  or  in  conjunction 
with  guano,  to  light  land  after  a  good  dressing  of  farmyard-ma- 
nure.    On  land  in  good  heart,  and  well-manured,  salt  alone  often 
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produces  a  large  increase  of  wheat  or  other  grain,  perhaps  through 
the  liberation  of  ammonia  and  the  rendering  of  it  immediately  avail- 
able for  the  use  of  the  cereal  crop.  On  land  out  of  condition,  salt 
would  not  produce  this  favorable  effect. 

Nowadays  it  would  usually  be  better  policy  to  apply  a  potash 
compound  directly  rather  than  to  count  upon  the  indirect  action  of 
salt  or  of  any  other  sodium  compound.  For  example,  Voelcker, 
on  applying  muriate  of  potash  to  land  seeded  with  clover  and  Ital- 
ian ray-grass,  obtained  a  vigorous  growth  of  clover,  and  a  strong 
growth  of  ray-grass  also,  with  the  result  that  there  was  a  material 
gain  of  hay  as  compared  with  land  that  had  received  no  manure ; 
while  common  salt  applied  to  an  adjacent  plot  had  no  effect  upon 
the  product. 

Several  chemists  have  studied  the  disintegrating  or  solvent  ac- 
tion of  common  salt,  and  of  a  variety  of  other  saline  substances, 
upon  soils,  and  rocks,  and  minerals,  not  to  speak  of  multifa- 
rious experiments  of  analogous  character  relating  to  fixing  power. 
Some  of  the  most  noteworthy  of  these  trials  are  those  of  Dietrich 
(Hoffmann's  Jahresbericht,  I,  29  and  V,  12)  and  of  Beyer  (ibid., 
Xin,  22). 

Use  of  Salt  to  check  rank  Ghrowth. 

Salt  is  sometimes  used  to  check  vegetation.  That  is  to  say,  it 
is  employed  not  infrequently  in  England  to  hinder  the  growth  of 
grain-crops,  or  rather  to  prevent  the  stalks  from  becoming  too 
rank  on  rich  soils,  or  on  soils  too  highly  chained  with  nitrogenous 
manures.  It  is  a  matter  of  familiar  observation  in  Southern 
France,  that  wheat  grown  on  certain  saline  soils  near  the  mouth  of 
the  Rhone,  has  a  short,  firm  straw,  and  is  much  less  liable  to  lodge 
than  that  grown  on  non-saline  land.  It  has  been  found  practica- 
ble to  materially  increase  the  yield  of  wheat  on  the  saline  land  by 
manuring  heavily.   (Gasparin.) 

Methodical  experiments  by  Hannam,  on  oats  and  barley,  have 
shown  that  dressings  of  common  salt  tend  to  increase  the  quantity 
of  grain  in  a  greater  ratio  than  the  straw,  to  improve  the  quality 
of  the  grain,  to  render  the  straw  white  and  brittle,  and  to  promote 
its  ripening.  In  respect  to  wheat,  also,  salt  was  found  to  have  a 
slight  tendency  to  increase  the  produce  of  grain  and  to  decrease 
the  weight  of  the  straw,  although  it  did  not  diminish  its  bulk. 
The  weight  per  bushel  of  the  grain  was  increased.  Some  farmers 
have  claimed  that  wheat  grown  on  land  dressed  with  salt  will  ripen 
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on  an  average  a  week  sooner  than  wheat  in  the  manare  of  which 
salt  had  formed  no  part. 

It  was  a  not  unoommon  practice  formerly  to  mix  the  true  Peru- 
vian guano  with  salt,  and  to  mix  soot  with  salt,  and  the  English 
farmers  still  use  salt  to  hinder  their  grain-crops  from  running  to 
straw  in  wet  seasons.  As  would  naturally  be  expected,  salt  does 
not  act  in  this  way  on  all  kinds  of  land,  though  on  some  strong 
soils  it  is  known  to  materially  strengthen  the  wheat-plant.  The 
use  of  it  for  this  purpose  would  clearly  be  inadvisable  on  land  not 
rich  enough  to  cause  rank  growth.  Voelcker,  who  found  salt  to 
be  a  useful  addition  to  nitrate  of  soda  employed  for  top-dressing 
wheat,  says :  '^  Salt  applied  in  any  quantity  to  cereal  crops  and  to 
grass-land  certainly  does  not  increase  the  produce.  By  checking 
over-luxuriance,  it  to  a  certain  extent  prevents  the  growth  of  rank 
grasses,  and  produces  a  finer  herbage ;  and,  in  the  case  of  cereal 
crops,  it  keeps  the  straw  shorter  and  thereby  prevents  their  getting 
laid  at  harvest-time.  .  .  .  When  strewn  upon  the  grass  of  perma- 
nent pastures,  salt  sometimes  has  a  decidedly  injurious  effect.  In 
one  instance,  where  salt  was  applied  at  the  rate  of  5  cwt.  to  the 
acre,  the  yield  of  grass  to  the  acre  was  760  lb.  less  than  from  con- 
tiguous unsalted  land.  Fertilizing  materials  which  are  very  solu- 
ble in  water,  and  are  not  absorbed  chemically  and  rendered 
insoluble  by  the  soil,  require  to  be  used  sparingly,  and  should 
always  be  applied  in  showery  weather,  in  order  that  they  may  be 
washed  into  a  large  body  of  the  land." 

In  the  words  of  an  English  writer  :  <'  Common  salt  is  used  prin- 
cipally for  wheat  upon  the  lighter  loams  and  sands,  at  the  rate  of  2 
to  4  cwt.  to  the  acre.  Its  general  effect  is  to  stiffen  the  straw  with- 
out increasing  its  bulk,  and  to  assist  in  the  perfect  filling  of  the  ear." 
Upon  the  farm  of  Mr.  Ellis,  near  Guildford  (England),  the  soil  of 
which  consists  chiefly  of  a  deep,  rich  loam  that  has  long  been  care- 
fully cultivated,  salt  was  at  one  time  habitually  used  upon  winter 
wheat,  particularly  that  which  was  sown  after  clover  or  grass,  and 
usually  with  beneficial  results.  It  was  customary  to  apply  the  salt  in 
autumn,  either  before  plowing  under  the  sod,  or  at  the  least  before 
sowing  the  grain;  and  it  was  believed  that,  on  soils  similar  to  that 
of  this  farm,  salt  checks  the  ravages  of  slugs  and  worms,  though  it 
may  be  less  useful  on  heavy  clays. 

In  order  to  exhibit  the  merit  of  salt,  an  experiment  was  tried  by 
Mr.  Ellis  as  follows.  Quarter-acre  plots  were  marked  out  upon  a  field 
of  wheat,  the  soil  of  which  was  a  sandy  loam  upon  a  gravelly  subsoil. 
Eight  loads  of  dung  to  the  acre  had  been  applied  to  the  clover  and 
bent  grass  that  preceded  the  wheat,  and  2  cwt.  of  coarse  salt  were 
\rewn  in  March  upon  one  of  the  experimental  plots.  There  was  har- 
vested from  the  quarter-acre  that  received — 
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TheSftlt.      .  lb.  No  Salt.  lb. 

9  biuLieUi  of  head  wheat,  weighing  8  bushels  of  headwheat,  weighing 

61  lb.  to  the  bushel M9  61.76  lb.  to  the  bushel   ....  494 

1  bushel  aod  6  gallons  tailings.    .  90       1  bushel  tailings 54 

639  548 

That  is  to  say,  there  was  gained  by  the  use  of  salt  91  lb.  of  wheat,  or 
at  the  rate  of  6.5  bushels  to  the  acre.  The  straw  from  the  salted 
plot  weighed  786  lb.,  and  that  from  the  unsalted  plot  696  lb.,  i.  e. 
there  was  a  gain  of  90  lb.  straw,  or  360  lb.  to  the  acre.  On  this  farm, 
no  great  success  had  been  got  from  the  use  of  nitrate  of  soda  upon 
wheat,  but  a  mixture  of  1,5  cwt.  of  Peruvian  guano  and  2  cwt.  of  salt, 
sown  as  a  top-dressing  in  the  spring,  had  served  extremely  well 
'^  when  the  land  was  not  in  sufficiently  good  condition  to  bring  on  the 
wheat-plants  satisfactorily. ' ' 

So  too  the  tendency  of  nitrate  of  soda  to  encourage  mildew  upon 
wheat,  in  England,  and  to  make  the  crop  lodge,  may  be  counteracted 
by  using  a  moderate  quantity  of  sea-salt  in  conjunction  with  the  ni- 
trate. In  practice  a  mixture  of  one  cwt.  of  sea-salt,  and  one  cwt.  of 
nitrate  of  soda  to  the  acre  of  land,  applied  as  a  top-dressing  to  wheat 
in  the  spring,  has  been  found  to  be  useful.  It  is  said  to  be  best  not 
to  sow  the  whole  of  the  mixture  at  once,  but  to  apply  it  in  two  doses 
at  a  fortnight's  interval  in  showery  weather.  In  illustration  of  this 
matter,  Pusey  has  reported  the  following  harvests:  — 

Boshels  Bushels 

White  Wheat.  to  the  Acre.  Red  Wheat.  to  the  Acre. 

Undressed 21  Undressed 19} 

2  cwt.  guano   ....    24  > — 

Nitrate  and  salt  .    .     .    25^  Nitrate  and  salt    .    .    .    27} 

Pusey  suggests  that  the  mixture  may  do  good  service  on  cold  un- 
drained  clays,  and  particularly  for  curing  defects  in  a  crop  arising 
from  season  or  from  poverty  of  soil,  as  when  wheat  has  been  injured 
by  frosts  in  late  winter  or  by  the  wire-worm. 

Doses  no  larger  than  42  lb.  of  the  nitrate  and  84  lb.  of  salt  to  the 
acre,  have  been  found  to  restore  early  sown  barley  that  had  suffered 
severely  from  frost.  The  action  of  the  fertilizer  was  immediate; 
the  grain-plants  soon  recovered  their  color  and  grew  half  a  foot  higher 
than  a  half-acre  strip  to  which  none  of  the  mixture  was  applied.  The 
fertilized  part  of  the  field  yielded  at  the  rate  of  47  bushels  to  the  acre 
and  the  other  part  40  bushels. 

Physiological  Action  of  Salt, 
The  physiological  action  of  salt  in  these  cases  is  not  well  under- 
stood ;  though  from  the  effects  produced  by  salt  upon  potatoes, 
beets,  hemp  and  flax,  as  will  be  stated  directly,  it  is  evident 
enough  that  it  may  exert  no  small  influence  upon  the  life  of  plants. 
It  is  not  impossible  that  salt  may  sometimes  kill  the  nitrifying 
ferments  or  some  other  organisms,  that  work  to  make  the  soil  ni- 
trogen active,  or,  at  the  least,  hinder  their  development.  Possibly 
the  effect  of  the  salt  may  be  due  to  a  general  weakening  of  the 


584  AQBIGULTURE. 

plant.  As  everybody  knows,  large  doses  of  salt  will  kill  most 
plants.  Perhaps  smaller  doses  may  check  growth  by  giving  the 
plants  an  illness  from  which  they  slowly  recover.  There  can  be 
no  question  as  to  the  practical  fact  that  salt  does  retard  the  growth 
of  plants  when  applied  to  the  land  in  quantities  above  3  cwt.  to 
the  acre.  Voelcker  was  led  to  believe  that  to  this  fact  must  be 
attributed  the  great  utility  of  salt  upon  mangolds  grown  on  light 
and  sandy  soils. 

On  the  lighter  kinds  of  soils,  he  says,  and  especially  when  the 
season  happens  to  be  dry,  roots  are  apt  to  pass  so  rapidly  through 
all  the  stages  of  growth  that  their  leaves  begin  to  drop  before  the 
plants  have  had  time  either  to  collect  food  from  the  atmosphere  or 
to  accumulate  mineral  matters  from  the  soil  in  sufficient  quantity 
for  the  development  of  an  abundant  crop  of  bulbs.  Farmers  often 
notice,  when  dry  weather  sets  in,  that  root  crops  are  liable  to 
dwindle  away  and  to  yield  hardly  half  a  crop.  But  by  applying 
salt  in  moderate  quantities  to  land  otherwise  well-manured  the 
life  of  the  plant  is  prolonged  and  a  larger  crop  of  bulbs  is  ob- 
tained. On  such  soils,  the  application  of  3  or  4  cwt.  of  salt  to 
the  acre  gave  Voelcker  a  large  increase  of  roots,  and  quantities  as 
large  as  7,  8  and  even  9  cwt.,  so  far  from  doing  any  harm,  in- 
creased the  produce  of  mangolds  by  2.5  to  4  tons  to  the  acre. 
Indeed,  in  some  of  these  experiments  with  mangolds,  common  salt 
gave  as  good  results  as  those  obtained  by  using  kainit.  He  urges 
that  the  salt  hinders  the  plants  from  ripening  off  too  quickly  and 
keeps  them  not  only  vegetating  but  in  good  growing  condition.  In 
the  Eastern  counties  of  England,  the  moderate  use  of  salt  has 
materially  increased  the  root-crop,  apparently  by  virtue  of  this 
retardation  of  the  growth  of  the  plants. 

On  the  light  chalky  soils  of  Korfolk  County,  England,  where  high 
farming  is  skilfully  practised,  considerable  quantities  of  salt  have 
been  used.  It  is  said  to  have  been  applied  to  mangolds,  generally  in 
conjunction  with  guano,  at  the  rate  of  from  3  to  5  cwt.  to  the  acre, 
being  sown  upon  the  farmyard-manure.  It  was  found  to  very  much 
increase  both  the  weight  and  the  quality  of  the  beets,  and  on  light 
soils,  in  seasons  of  drought,  it  retained  moisture  in  the  land.  Salt 
was  used  there  extensively  also  with  all  sorts  of  top-dressings,  as  it 
tends  to  strengthen  straw  and  brighten  the  appearance  of  grain. 

Much  must  depend,  of  course,  on  the  character  of  the  soil;  thus, 
Caird  in  experiments  on  the  growth  of  mangolds  near  London,  on 
^ood  gravelly  loam,  found  6  cwt.  of  salt  to  the  acre  to  be  a  useful 
addition  to  guano  and  dung.  He  harvested  tons  and  cwt.  of  beets  as 
follows  from  one  acre  of  land  when  dressed  with 
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Tons.  Cwt. 

12  owt,  of  superphosphate  alone 14  19 

7^  cwt.  of  Peruvian  guano 17  17 

40  cubic  yards  of  dung 21  3 

20  cubic  yards  of  dung  and  4  cwt.  guano      ...     23  16 

20  cubic  yards  dung,  4  cwt.  guano  and  6  cwt.  salt    30  12 

But  on  stiff  clay  soils  the  use  of  salt  upon  mangolds  is  injurious, 
because  the  ripening  of  the  crop  would  usually  be  too  much  retarded. 
Voelcker  holds  that  more  than  5  cwt.  of  salt  to  the  acre  applied  to 
stiff,  wet,  clay  soils,  or  to  such  soils  as  are  cold  and  which  only  slowly 
bring  grain,  roots  and  grass  to  maturity,  would  be  an  excessive  dose 
and  would  do  mischief,  "  for  salt  has  a  remarkable  tendency  to  pro- 
long the  period  of  vegetation  and  to  delay  the  arrival  of  maturity. 
Consequently,  when  it  is  misapplied  the  crude  juices  circulating  in 
the  unripe  leaves  are  not  sufficiently  elaborated  or  ripened  for  the 
production  of  a  large  and  heavy  crop,  within  the  period  during  which 
roots  can  be  left  in  the  field.  One  reason  why  superphosphates  are 
excellent  for  roots  on  stiff  clays  is  that  they  promote  early  maturity." 
Further  remarks  by  Voelcker  on  the  use  of  salt  for  mangolds  will  be 
given  on  a  subsequent  page. 

Lawes  has  reported  an  experiment  with  mangolds,  on  tolerably 
strong  land,  where  —  in  addition  to  other  fertilizers,  which  were  the 
same  for  all  the  plots — one  acre  of  land  received  5  cwt.  of  salt  and 
another  acre  10  cwt.,  while  a  third  acre  was  left  without  any  salt. 
He  says,  '*  One  thing  which  struck  me  immediately  was  that  the 
plants  which  had  no  salt  grew  faster  than  those  which  had  it.  There 
could  be  no  mistake  about  the  matter.  The  salt  evidently  appeared 
to  check  the  growth  of  the  mangolds.  This  went  on  for  several 
months,  and  at  one  time  there  was  a  great  difference  between  one  set 
of  roots  and  the  others;  but  at  the  time  of  harvest  the  yield  of  roots 
from  the  no-salt  acre  was  21  tons,  2  cwt.,  that  from  the  acre  with  5 
cwt.  of  salt  was  20  tons  and  10  cwt.,  and  where  15  cwt.  of  salt  were 
applied  there  were  only  18  tons  of  roots.  As  regards  tops,  the  yields 
were  7  tons,  6  cwt.;  8  tons,  5  cwt.,  and  7  tons,  8  cwt.  respectively. 

It  may  here  be  said  that,  although  excellent  in  many  cases  for 
mangolds,  salt  acts  injuriously  on  beets  which  are  grown  for  the  use 
of  sugar  makers,  both  by  retarding  the  ripening  process  and  by  de- 
basing the  juice,  i.  e.  by  preventing  a  considerable  portion  of  the 
sugar  in  the  beet-juice  from  crystallizing.  So  also  in  experiments 
where  salt  was  applied  to  wheat  on  a  good  clay  loam,  Lawes  noticed 
that  the  bushel  of  grain  was  not  heavier  when  salt  was  used,  that 
there  was  practically  no  difference  in  the  proportions  of  grain  and 
straw,  and  that  the  proportion  of  offal  corn  was  a  little  larger  when 
salt  was  used.  But  it  is  evident  that  these  negative  results,  obtained 
on  land  that  was  in  good  condition  for  ripening  wheat,  do  not  in- 
validate the  dissimilar  experience  of  other  farmers  operating  on 
highly  manured  land  and  on  soils  of  different  character. 
Wheat  can  bear  much  Salt* 

The  English  engineer  Parkes  has  called  attention  to  the  capacity 
of  wheat  for  supporting  large  quantities  of  salt,  in  the  following 
terms;  "  The  quantity  of  salt  in  which  the  wheat-plant  will  flourish 
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is  curiously  illustrated  on  the  warped  soils  of  the  river  Humber,  and 
would  scarcely  be  credited  unless  seen.  Thus,  the  whole  of  a  large  re- 
claimed piece  of  warped  land  was  planted  with  wheat  for  the  first  time 
in  the  autumn  of  1844.  When  I  saw  it,  in  the  autumn  of  1845,  the  sur- 
face of  the  ground  was  crystallized  all  over  with  salt,  evidencing  the 
enormous  quantity  which  the  mass  of  the  bed  must  have  contained ;  yet 
from  this  first  crop,  as  I  was  told,  24  bushels  of  grain  to  the  acre  had 
been  threshed  out.  The  order  of  culture  there  after  warping  is  to 
leave  the  land  to  the  occupancy  of  what  is  called  sheep-grass,  which 
naturally  skins  it  for  three  years  and  then  begins  to  die  off.  The 
land  is  then  plowed  and  sown  with  rape  which  is  allowed  to  go  to 
seed.  The  rape-plant  is  considered  to  remove  the  very  injurious  ex- 
cess of  salt,  and  great  crops  of  it  are  obtained.  Wheat  follows  the 
rape,  and  after  the  wheat  any  other  crop  may  be  grown  for  many 
years  to  the  farmer's  liking  and  without  the  aid  of  manure." 

Possibly  it  is  the  chlorine  in  the  salt  which  acts  to  restrain  the 
growth  of  wheat,  rather  than  the  sodium.  If  this  be  so,  it  might 
be  better  to  use  chloride  of  potassium  (Stassfurt  muriate)  rather 
than  common  salt ;  or  possibly  a  light  dressing  of  chloride  of  mag- 
nesium, which  would  be  cheaper  even  than  salt,  might  serve  the 
purpose.  It  would  be  interesting  to  study  the  comparative  action 
of  common  salt  and  of  chloride  of  potassium  upon  some  of  the 
over-rich  bottom-lands  at  the  West.  On  the  so-called  American 
Bottom  in  Illinois,  for  example,  the  growth  of  stalks  and  straw  is 
said  to  be  enormous  in  proportion  to  the  yield  of  grain.  Corn- 
stalks grow  ten  or  twelve  feet  high,  and  are  sometimes  ^ve  inches 
in  circumference,  while  at  about  the  height  of  a  man's  head  they 
bear  a  single  ear  of  corn.  For  all  the  rank  growth  of  stalks,  the 
harvest  is  hardly  50  bushels  of  Indian  com,  or  25  bushels  of 
wheat,  to  the  acre.  It  would  be  an  interesting  experiment  to  try 
whether  salt,  or  any  other  chlorine  compound,  would  in  this  case 
bring  the  stalk  production  into  fit  relations  with  a  proper  crop  of 
grain. 

Salt  Toughens  Flax  and  Hemp. 

It  is  not  in  the  least  unlikely  that  salt  may  exert  other  physio- 
logical effects  than  those  just  now  suggested,  for  Nessler  has  no- 
ticed that  tobacco  grown  on  land  manured  with  salt  had  tougher 
and  more  flexible  leaves  than  that  grown  on  adjacent  unmanured 
land.  So,  too,  hemp  that  had  been  lightly  manured  with  salt 
yielded  a  larger  amount  of  useful  fibre,  and  a  fibre  of  superior 
quality,  than  was  got  either  from  unmanured  land  or  from  land 
fertilized  with  sulphate  of  ammonia.  Flax  also,  in  Fleischmann's 
experiments,  gave  a  third  more  seeds,  a  quarter  more  straw,  and 
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100  9^  more  long  flax-fibre,  when  manured  with  salt  than  when  no 
Bait  was  applied  to  the  land ;  and  Mayer  calls  attention  to  the  fact 
that,  on  the  newly-embanked  polders  of  Holland,  flax  succeeds 
well,  even  when  the  land  is  still  somewhat  saline,  and  wholly  unfit 
for  growing  merchantable  tobacco.  It  should  be  said,  both  as  re- 
gards flax  and  hemp,  that  the  suggestion  was  thrown  out  many 
years  ago  that  a  stronger  fibre  is  obtained  from  fields  that  have 
been  lightly  manured  with  common  salt.   (Gasparin.) 

It  has  often  been  noticed,  moreover,  that  dressings  of  salt,  and 
even  of  chloride  of  potassium,  tend  to  make  potatoes  waxy  rather 
than  mealy.  Stoeckhardt  has  in  fact  shown,  by  an  elaborate  com- 
parison of  numerous  experiments,  in  which  the  action  of  salt  could 
be  contrasted  with  that  of  other  fertilizers,  or  with  that  of  unma- 
nured  land,  that,  as  a  general  inile,  the  percentage  of  starch  in  po- 
tatoes is  diminished  when  the  land  has  been  dressed  with  chloride 
of  sodium,  either  by  itself  or  as  an  addition  to  other  fertilizers. 
Even  the  yield  of  tubers  is  apt  to  be  diminished  by  the  presence 
of  salt  in  the  soil.  Stoeckhardt  urged  that  it  is  a  physiological 
fact  that,  when  common  salt  is  brought  into  contact  with  the  roots 
of  the  potato-plant,  the  growth  of  the  latter  is  checked,  and  its 
power  to  form  organic  matter  and  to  store  up  starch  in  the  tubers 
is  hindered  to  a  remarkable  extent. 

When  applied  to  sugar-beets  also,  common  salt  —  as  well  as 
chloride  of  ammonium  and  chloride  of  potassium  —  tends  to  di- 
minish the  yield  of  sugar,  and  of  dry  organic  matter,  while  the 
proportion  of  nitrogenous  substances  and  of  ashes  is  increased. 
In  an  instance  where  the  yield  of  grass  had  been  largely  increased 
upon  a  meadow  by  salting  it,  Hellriegel  found  that  the  proportion 
of  nitrogenous  matter,  ashes  and  cellulose,  in  the  crop,  had  been 
Increased  by  the  use  of  the  salt,  while  the  proportion  of  carbo- 
hydrates was  diminished.  Indeed,  Loew  admits,  as  a  general 
rule,  that,  in  crops  fed  with  alkaline  chlorides,  cellulose  is  in- 
creased at  the  expense  of  starch. 

Voelcker  found  in  his  experiments  that  common  salt  applied  to 
potatoes  in  any  considerable  quantity  rather  injures  than  benefits 
the  crop,  especially  in  dry  seasons,  and  that  it  has  a  more  decidedly 
prejudicial  effect  on  clayey  loams  than  on  lighter,  sandier  soils. 
Although  small  quantities  of  salt  sometimes  increase  the  potato- 
crop  on  light  land,  especially  when  the  salt  is  used  in  conjunction 
with  a  superphosphate,  he  deems  it  hazardous  to  apply  as  much  as 
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4  cwt.  of  salt  to  potatoes  on  light  loam  in  a  dry  season.  In  one 
experiment,  where  4  cwt.  of  plain  superphosphate  and  4  cwt.  of 
kainit  per  aci*e  were  applied  to  sandy  loam,  in  a  dry  year,  8.5 
long  tons  of  potatoes  were  obtained,  while  a  contiguous  plot,  ma- 
nured with  4  cwt.  of  the  superphosphate  and  4  cwt.  of  common 
salt,  gave  less  than  4.5  tons  tubers,  i.  e.  a  crop  no  better  than  that 
yielded  by  the  unmannred  land.  It  was  true,  also,  on  applying 
mixtures  of  common  salt  and  superphosphate  to  potatoes,  that  it 
sometimes  happened  that  the  yield  of  tubers  was  less  than  was 
obtained  by  the  superphosphate  alone.  In  experiments  with  man- 
golds and  with  Swedish  turnips,  however,  the  use  of  salt  in  con- 
junction with  superphosphate  had  a  good  effect,  though  the  crops 
fell  short  of  those  obtained  by  using  kainit  and  superphospate. 
When  salt  alone  was  used  upon  the  turnips,  it  appeared  to  do  more 
harm  than  good. 

Salt  as  a  Top-dressing. 
According  to  Voelcker,  *^  Ck>mmon  salt  is  used  in  England  prin- 
cipally ns  an  addition  to  manures  for  mangolds,  and,  mixed  in 
equal  proportions  with  nitrate  of  soda,  as  a  top-dressing  for  spring 
wheat  and  barley.  It  is  also  useful  on  light  land  in  dry  seasons." 
When  salt  is  used  for  the  purpose  of  prolonging  the  term  of  gi*owth 
of  plants  on  light  land,  it  will  naturally  be  used  as  a  top-dressing. 
But,  curiously  enough,  it  has  sometimes  been  noticed  (presumably 
on  clay  soils),  even  in  localities  where  salt  has  been  found  to  do 
good  service  as  a  fertilizing  agent  when  ploughed  under,  that  top- 
dressings  of  it  seldom  increase  the  crops,  and  that  they  are  often 
distinctly  hurtful.  One  case  has  been  reported  where  9  cwt.  of 
salt  strewn  upon  a  Saxon  acre  had  no  visible  action  upon  either 
wheat  or  rye,  while  it  killed  young  clover.  In  general,  it  is  agreed 
that  care  must  be  taken  to  use  salt  sparingly,  and  to  apply  it  at 
appropriate  seasons,  as  when  neither  seeds,  nor  sprouts,  nor  young 
plants  are  at  hand  to  be  injured.  Instances  are  on  record  where 
more  than  3  cwt.  to  the  Saxon  acre  diminished  the  beet-crop,  and 
more  than  4^  cwt.  diminished  the  yield  of  potatoes.  In  some 
places,  1  or  2  cwt.  to  the  Saxon  acre,  applied  to  rye,  gave  the  best 
results,  while  in  other  situations  the  best  rye-crop  was  got  with  6 
cwt.  In  this  instance,  an  application  of  9  cwt.  diminished  the 
crop,  and  12  cwt.  lessened  it  still  more.  Here  in  New  England, 
dressings  of  from  5  to  8  bushels  of  salt  to  the  acre  have  often  been 
commended ;  and  there  would  seem  to  be  little  or  no  risk  in  using 
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quantities  so  small  as  these,  for  it  is  said  that  as  much  as  20  bash- 
els  to  the  acre  may  be  applied  to  young  wheat  without  harm,  and 
there  are  cases  on  record  where  25  bushels  have  been  applied  to 
wheat  with  advantage.  Instances  are  upon  record  where  lawns 
have  been  freed  from  moles,  without  injury  to  the  grass,  by  sow- 
ing salt  freely.  Probably  muriate  of  potash  would  serve  the  same 
purpose  and  improve  the  green  sward  also. 

There  are  cheap  kinds  of  salt  that  are  sold  purposely  to  be  used 
as  fertilizers.  It  is  said  that  they  should  not  be  applied  in  larger 
quantities  than  at  the  rate  of  300  to  600  lb.  to  the  £nglish  acre. 
A  barrel  of  salt  to  the  acre,  for  wheat,  is  one  English  formula. 

On  top-dressing  grass-land  with  salt  and  nitrate  of  soda,  Voelcker 
found  that  while  the  nitrate  pushed  on  the  growth  of  the  grass,  and 
secured  a  larger  produce,  salt  checked  the  growth  to  such  an  extent 
that  when  as  much  as  10  cwt.  of  it  were  applied  to  an  acre  of  stiffish 
land,  the  crop  was  lessened,  even  though  nitrate  of  soda  was  used  at 
the  same  time.  Still,  salt  might  perhaps  sometimes  be  spread  with 
advantage  on  spots  where  heaps  of  manure  have  lain,  in  order  to 
check  rank  vegetation  and  make  it  more  palatable  to  animals. 

Experiments  by  Heiden  go  to  show  that,  for  some  localities,  it  is 
better  to  apply  salt  as  a  top-dressing  than  to  plough  it  under.  He 
grew  barley  on  a  field  of  sandy  loam,  that  had  not  been  fertilized  for 
6  years,  and  obtained  the  results  which  are  set  forth  in  the  following 
table:  — 

Lb.  of  Bait  to  the  Crops  haxrested,  in  Lb.  and  Loth, 

square  rod.  Grain.  Straw.  Chaff. 

5  ploughed  under 16  7  27  15  6  24 

5  as  top-drossing 21 27  30  6  15 

7.5  ploughed  under 23  8  33  9  4  14 

7.5  as  top-dressing 27  23  40  25  6 

There  can  be  little  doubt,  however,  that  much  must  depend  on  the 
character  of  the  soil  and  upon  the  action  of  the  salt  to  improve  or  in- 
jure its  tilth,  for  sometimes  heavy  dressings  of  salt  (20  to  40  bushels 
to  the  acre)  have  been  applied  to  fallow  land  for  the  express  purpose 
of  killing  weeds,  with  the  result  that  vegetation  is  well-nigh  totally 
destroyed  for  a  season;  but  there  would  seem  to  be  a  risk  in  this  case 
of  destroying  various  useful  micro-organisms,  as  well  as  the  weeds  and 
worms.  Probably  other  soluble  non-poisonous  saline  matters  may  re- 
tard the  growth  of  crops  as  salt  does,  but  few  of  them  are  so  cheap 
and  innocuous  as  common  salt.   (Voelcker.) 

It  is  noticeable,  withal,  that  sulphate  of  sodium  may  exert  a 
physiological  effect  upon  plants  distinctly  different  from  that  produced 
by  chloride  of  sodium.  Thus,  Ililgard  has  noticed  in  Calif ornia  that 
sugar-beets  grown  on  soils  contaminated  with  sulphate  of  soda  may 
yield  a  serviceable  juice,  while  no  such  result  can  be  obtained  on  soils 
charged  with  common  salt.  This  observation  clearly  consists  with 
German  experience  in  the  use  of  potash  salts,  which  goes  to  show,  as 
Mayer  insisted,  that,  in  the  long  run,  sulphate  of  potash  has  given 
much  more  satisfactory  results  than  muriate  of  potash  has. 
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ScUt  flocculates  Colloid  Clay, 

There  is  another  effect  producible  by  salt  whi'ch  explains  the 
good  results  which  have  often  been  obtained  on  applying  it  to 
heavy  land ;  viz.,  its  power  of  making  fine  particles  of  clay  or 
mud  cohere,  as  is  seen  when  the  suspended  matters  in  turbid  river- 
water  or  in  mud-puddle  liquor  are  made  to  subside  by  additions  of 
salt.  Schuebler  called  attention,  long  ago,  to  the  fact  that  a 
mixture  of  salt  and  gypsum  (a  waste  product  from  salt  works) 
served  a  highly  useful  purpose  on  many  clayey  and  peaty  soils, 
and  especially  in  wet  seasons,  both  when  it  was  applied  by  itself 
and  when  used  in  conjunction  with  dung  or  dung-liquor ;  though 
on  lighter  land  it  was  apt  to  do  harm  rather  than  good.  Gaspa- 
rin,  also,  has  called  attention  to  the  experience  of  farmers  in 
France,  near  the  mouth  of  the  Rhone,  which  teaches  that  when 
moderate  dressings  of  farmyard-manure  are  applied  to  certain 
clayey,  saline  soils  of  that  locality,  the  full  effect  of  the  manure  is 
f^lt  at  once  by  the  crops ;  while  on  non-saline  soils,  equally  rich 
in  clay,  very  heavy  dressings  of  manure  must  be  applied  at  first, 
in  order  that  the  land  shall  be  brought  into  proper  condition. 

The  influence  of  salt  to  change  the  mechanical  condition  of 
clay  has  often  been  noticed  in  Holland,  where  a  part  of  the  injury 
which  results  when  clayey  polders  are  overflowed  with  sea-water 
has  been  attributed  to  it.  But  there  can  be  no  question  that  the 
action  may  be  beneficial  in  very  many  cases  where  the  soil  is  stiff 
and  when  the  quantity  of  salt  put  upon  it  is  not  too  large ;  for, 
like  most  other  saline  fertilizers,  the  salt  causes  the  finest  parti- 
cles of  the  clay  or  loam  to  attach  themselves  more  or  less  firmly 
to  the  coarser  particles  of  sand,  or  what  not,  and  thus  tends  to 
make  the  soil  less  plastic,  more  permeable  as  regards  water,  and 
more  open  in  texture  than  it  had  been  before.  When  sea-water 
is  used  to  sprinkle  dusty  streets,  it  is  noticed  that  the  road-bed  is 
made  less  muddy  than  is  the  case  when  fresh  water  has  been  em- 
ployed for  the  sprinkling.  For  remarks  on  the  tendency  of  saline 
fertilizers  to  injure  seed-beds  by  promoting  the  formation  of  sur- 
face crusts,  see  Nitrate  of  Soda. 

As  has  been  explained  under  the  head  of  Lime,  common  salt 
and  other  saline  solutions  have  a  considerable  power  to  fiocculate 
fine  earth,  or  any  minute  particles  that  are  suspended  in  water, 
much  as  lime  does.  For  example,  when  the  Mississippi  water 
flows  into  the  saline  water  of  the  Gulf  of  Mexico,  much  of  the 
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matter  that  was  held  suspended  in  the  river- water  is  flocculated  at 
once,  so  that  it  can  subside.  Such  action  as  this  is  one  prime 
cause  of  the  formation  of  deltas,  for  the  flocculation  of  fine  mud 
by  salt  is  common  to  all  rivers  that  reach  the  sea. 

A  curious  instance  of  this  phenomenon  was  encountered  at  Cal- 
cutta on  establishing  filtering-beds  of  sand  to  purify  the  Hoogly 
water.  It  was  found  that,  during  the  rainy  season,  the  fine  mud 
in  the  water  penetrated  very  deeply  into  the  filters  and  rapidly 
choked  them.  In  the  dry  season  this  did  not  happen,  for  the 
suspended  matters  were  then  arrested  near  the  upper  surface  of 
the  sand.  The  explanation  is,  that,  during  the  rainy  season,  the 
water  contains  a  much  smaller  proportion  of  saline  matter  than  it 
does  in  the  dry  season.  The  trouble  was  remedied  by  adding 
alum  and  salts  of  iron.  Similar  results  have  been  obtained  on 
applying  Bischof's  metallic-iron  process  to  the  purification  of 
Mississippi  water,  which  holds  much  clay  in  suspension.  Through 
the  action  of  the  water  on  the  iron,  a  small  quantity  of  a  soluble 
ferrous  salt  is  formed  which  immediately  coagulates  the  clay  and 
causes  it  to  settle.  Conversely,  where  the  waves  of  Lake  Erie 
beat  against  the  banks  of  day  upon  its  northern  shore,  the  water 
is  said  to  be  discolored  for  miles  out  into  the  lake,  manifestly 
because  of  the  absence  of  saline  matters  to  flocculate  the  colloid 
clay.  It  is  to  be  remembered,  however,  that  in  soils  containing 
calcareous  matter,  the  addition  of  salt  or  of  muriate  of  potash 
might  act,  not  to  flocculate  the  soil-particles,  but  to  puddle  them, 
as  has  been  explained  already  when  speaking  of  Alkali  Soils. 
Flocculation  by  other  Saline  Matters. 

What  is  true  6t  common  salt  as  regards  flocculation  is  true  also 
of  various  other  saline  fertilizers,  and  it  is  a  point  always  to  be 
borne  in  mind  that  the  continued  use  of  "  artificials  '*  may  change 
the  texture  of  a  soil,  and  the  power  of  that  soil  to  hold  and  to  lift 
water.  Even  the  saline  matters  which  occur  naturally  in  arable 
soils  (notably  bicarbonate  of  lime)  do,  in  spite  of  their  extreme 
dilution,  actually  exert  a  highly  important  influence  to  maintain 
soils  in  good  tilth.  Schloesing  has  suggested  the  following  ex- 
periment, as  illustrating  this  point.  A  quantity  of  moist  loam, 
having  been  crumbled  between  the  fingers  to  a  loose  condition,  is 
shaken  into  a  cylinder,  at  the  bottom  of  which  fragments  of  glass 
have  been  placed  and  covered  with  a  layer  of  coarse  sand.  On 
moistening  the  loam  with  distilled  water,  drop  by  drop,  a  solutioA 
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of  the  saHne  mattei'B  which  the  soil  contained  will  be  pushed  down- 
ward  beneath  the  layer  of  pure  water,  which  has  the  upper  hand, 
and  the  uppermost  layers  of  loam  will  soon  be  left  in  contact  with 
pure  water,  with  which  they  finally  form  a  mass  of  dough;  i,  e. 
when  all  the  saline  matters  have  been  removed  from  the  soil,  it 
passes  into  the  condition  of  pasty  mud.  Meanwhile  the  lower 
layers  of  the  soil,  although  fuUy  moistened  and  subjected  to 
heavier  pressure  than  the  upper  layers,  exhibit  no  such  change  as 
to  their  mechanical  condition,  for  they  are  still  in  contact  with 
saline  matters  that  hinder  their  particles  from  puddling. 

On  repeating  this  experiment  with  ordinary  well-water,  instead 
of  distilled  water,  all  the  other  conditions  being  as  before,  Schloe- 
sing  obtained  no  mud  at  the  surface  of  the  earth.  He  explains 
his  results  as  follows.  In  the  fine  earth,  which  we  call  loam,  clay 
often  acts  as  a  kind  of  cement  to  hold  particles  of  sand  together. 
The  clay  gives  coherence  to  the  particles  of  soil,  and  keeps  them 
from  falling  to  mere  dust.  But  this  binding  power  of  the  clay  is 
effective  only  so  long  as  there  is  enough  saline  matter  present  to 
keep  the  clay  in  a  coagulated  condition.  Whenever,  by  washing 
with  pure  water,  the  coagulating  agents  are  removed,  the  clay 
loses  more  or  less  completely  this  kind  of  binding  power,  the  fria- 
bility of  the  earth  disappears,  and  mud  is  formed. 

Schloesing  admits  that  not  evei*y  kind  of  earth  is  suitable  for 
the  foregoing  experiment,  for  in  some  soils  many  of  the  particles 
or  granules  are  held  together  by  other  agencies  than  that  of  clay, 
and  such  soils  are  not  easily  puddled.  Many  of  them  will  with- 
stand the  action  of  distilled  water,  as  above  applied.  But  it  is 
still  true  that  a  large  number  of  loams  will  behave  in  the  manner 
indicated,  and  such  soils  are  liable  to  be  puddled  at  the  surface 
when  acted  upon  by  rain,  which  is  water  that  has  been  distilled 
naturally. 

There  are,  however,  noteworthy  differences  between  the  exagger- 
ated conditions  of  the  experiment  and  those  to  which  soils  are 
actually  subjected  in  the  fields.  For  although  in  the  experiment 
the  water  is  added  very  slowly,  it  may  still  happen  that  as  much 
of  it  may  be  applied  in  a  few  hours  as  would  amount  to  a  layer 
ten  or  fifteen  inches  deep.  But  this  would  represent  an  enormous 
rainfall,  such  as  is  wholly  unusual ;  hence  the  washing  out  of  the 
saline  matters  must  be  more  complete  in  the  experiment  than  in 
the  field.     On  the  other  hand,  the  beating  action  of  rain,  which 
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must  greatly  promote  puddling  in  the  field,  has  comparatively 
little  influence  in  the  laboratory  experiment.  In  the  field,  more- 
over, the  rain-water,  coming  in  showers,  and  in  comparatively 
small  quantities,  would  often  be  able  to  dissolve  enough  lime  from 
the  soil  (chiefly  as  bicarbonate)  to  hinder  deflocculation.  In  the 
case  of  very  heavy  rains,  it  may  happen  also  that  the  soil  will  be 
so  thoroughly  puddled  at  the  surface,  that  is  to  say,  it  will  become 
covered  with  mud  that  is  so  difficultly  permeable,  that  not  enough 
water  can  percolate  downward  to  wash  out  the  saline  matters  from 
the  layers  of  soil  next  below,  so  that  the  tilth  of  the  soil  will  not 
be  much  impaired  excepting  at  the  very  surface. 

To  the  presence  in  soils  of  the  natural  saline  matters  Schloesing 
attributes  the  power  of  the  soil  to  clarify  turbid  liquids.  Were 
it  not  for  the  saline  matters,  he  says,  not  clear  sparkling  water, 
but  turbid  and  muddy  water  would  flow  from  field-drains  and 
springs,  and  be  drawn  from  wells.  In  a  similar  spirit,  Schulze 
had  previously  insisted  that  the  soluble  constituents  of  fertilizers 
and  manures  must  often  exert  no  inconsiderable  influence  upon 
the  texture  of  soils.  He  argued  that  the  mellow  condition  of  soils 
that  have  been  marled  or  heavily  manured  must  be  attributed  in 
some  part  at  least  to  the  flocculating  action  of  soluble  saline  mat- 
ters. For  that  matter,  it  is  a  tenet  of  practical  agriculture  that 
the  physical  defects  of  stiff  clays  may  often  be  corrected  by  ap- 
plying stable-manure  at  regular  intervals.  Several  writers  have 
insisted  on  the  influence  which  may  be  exerted  by  nitrate  of  soda, 
as  has  been  explained  already  when  discussing  the  fertilizing 
power  of  nitrates. 

Not  only  do  the  saline  matters  in  the  soil  exert  an  influence  to  . 
presei-ve  the  mechanical  coherence  of  the  particles  of  earth,  but  it 
is  plain,  from  the  observations  of  Knop  (page  214,  of  this  Vol.), 
that  the  chemical  condition  of  the  soil  undergoes  marked  changes 
whenever  the  saline  matters  are  washed  out  from  it.  Lawes  and 
Gilbert  have  noticed  that  the  drainage  waters  from  land  to  which 
ammonium  salts  have  been  applied,  are  apt  to  be  especially  clear 
and  bright  for  some  little  time  afterwards,  because  of  the  forma- 
tion of  sulphate  and  chloride  of  calcium  in  the  soil,  through  the 
reaction  of  the  ammonium  salts  on  carbonate  of  lime.  But  these 
salts  of  calcium  act  to  coagulate  particles  of  clay. 
Sodium  Compounds  in  the  Air, 

As  has  been  said,  every  soil  contains  more  or  less  sodium,  which 
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has  been  derived  from  the  disintegration  of  silicates,  or  been 
brought  down  by  rain  from  the  air.  The  air  everywhere  contains 
minute  traces  of  common  salt,  for  as  the  winds  pass  over  the  sea 
they  take  up  mechanically,  as  if  it  were  so  much  dust,  more  or 
less  of  the  fine  spray  which  is  blown  from  the  tops  of  the  waves. 
Some  of  the  salt  thus  lifted  is  carried  everywhere,  even  to  the 
lands  most  remote  from  the  ocean,  though  it  has  been  noticed  by 
Muntz  that  much  less  salt-dust  is  found  high  up  in  the  air  than  at 
lower  levels.  He  insists  that  hay,  straw  and  other  forage  grown 
at  high  elevations  contain  comparatively  little  soda,  and  that  rain- 
water collected  on  a  mountain  9,000  feet  high  contained  no  more 
than  0.34  mg.  of  salt  to  the  litre,  while  on  the  plains  at  the  base 
of  the  mountain  there  was  found  from  2.5  to  7.6  mg.  of  salt  to 
the  litre  of  rain-water.  Hence  the  great  craving  of  animals  for 
salt  in  mountainous  regions. 

More  of  this  salt  from  the  spray  is,  of  course,  deposited  upon 
land  near  the  seaboard  than  upon  that  farther  inland.  At  Caen, 
in  France,  9  miles  from  the  English  Channel,  Pierre  found  that 
the  rain  which  falls  upon  one  hectare  of  land  in  a  year  brings  with 
it  57  kilos,  of  sodium  chloride.  In  the  immediate  vicinity  of 
Boston  there  is  so  much  salt  in  the  soil,  and  in  the  plants  which 
grow  upon  it,  that  there  is  seldom,  if  ever,  any  need  of  giving  salt 
to  pastured  cattle.  Hereabouts  the  animals  will  hardly  eat  any  of 
it  if  it  is  offered  to  tliem,  while  a  hundred  miles  away,  on  the  New 
Hampshire  hills,  stock  kept  in  pastures  will  eat  salt  voraciously, 
and  will  not  prosper  unless  occasionally  fed  with  it.  At  the  heart 
of  the  continent,  wild  animals  used  to  travel  many  miles  to  the 
salt  licks. 

Some  kinds  of  Plants  can  Bear  mtich  Salt. 

The  power  of  some  plants  to  resist  the  injurious  action  of  salt 
is  noteworthy.  It  is  seen  familiarly  in  the  grasses  of  salt  marshes 
at  the  North,  the  mangroves  of  the  South,  and  in  various  species  of 
strand-plants  which  grow  on  the  borders  of  the  ocean  and  in  the 
vicinity  of  salt  lakes  and  springs.  Several  of  the  plants  ordina- 
rily cultivated  are  somewhat  tolerant  of  salt ;  wheat,  for  example, 
as  has  been  mentioned  already.  Asparagus,  also,  is  a  case  in 
point.  It  has  long  been  customary  to  put  salt  ui>on  asparagus 
beds,  '^  as  a  manure,"  but  it  is  thought  nowadays  that  the  salt 
acts  in  this  case  chiefly  to  destroy  weeds.  The  fact  that  the 
cocoa-nut  tree  can  bear  salt  water  has  often  been  noticed.     It  is 
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said,  indeed,  that  on  the  seashore,  in  soils  more  or  less  saturated 
with  salt  water,  —  even  in  situations  where  the  tide  often  flows 
around  their  trunks,  —  the  trees  are  exempt  from  the  attacks  of 
beetles  and  begin  to  bear  fruit  in  the  course  of  6  or  7  years,  i.  e., 
much  sooner  than  trees  which  have  no  access  to  salt.  The  milk 
of  the  seaside-nut  is  apt  to  be  slightly  brackish,  but  the  fleshy 
part  of  the  nut  is  as  thick  as  that  in  other  cocoa-nuts,  and  it  yields 
as  much  oil.  As  long  ago  as  1688,  Dampicr  wrote  as  follows  of 
an  island  near  Sumatra :  ^'  This  island,  Triste,  is  not  a  mile  round, 
and  so  low  that  the  tide  flows  clear  over  it.  It  is  of  a  sandy  soil, 
and  full  of  cocoa-nut  trees.  The  nuts  are  but  small;  yet  sweet 
enough,  full,  and  more  ponderous  than  I  ever  felt  any  of  that  big- 
ness, notwithstanding  that  every  spring-tide  the  salt  water  goes 
clear  over  the  island." 

Dyer,  in  fleld  experiments  made  in  England,  noted  that  the 
chief  lesson  taught  by  his  results  is  the  high  value  of  salt  as  a 
dressing  for  cabbages  when  a  sufficiency  of  other  suitable  manu- 
rial  ingredients  is  present.  Salt  seemed  to  be  needed  to  bring  out 
the  fuU  action  of  phosphates  and  nitrates.  Even  the  good  effects 
obtained  by  using  kainit,  in  conjunction  with  phosphates  and  ni- 
trate of  soda,  were  attributed  to  the  salt  which  it  contains. 

In  the  vicinity  of  Boston,  some  market  gardeners  are  said  to 
have  found  it  advantageous  occasionally  to  pump  brackish  water 
from  the  tidal  rivers  for  irrigating  cabbages,  cauliflowers,  toma- 
toes, celery,*  horseradish  and  onions.  For  these  particular  crops, 
the  saline  water  has  even  been  preferred  to  fresh  water,  and  it  is 
repoi-ted  that  it  has  sometimes  been  applied  so  freely  that  the 
ground  on  drying  has  become  white  with  salt.  Mature  plants  of 
the  kinds  above  mentioned  are  not  injured ;  but  it  is  said  that  the 
salt  water  would  kill  even  these  plants  if  it  were  applied  to  them 
when  young.     Melons  are  said  to  be  killed  by  it  at  all  times. 

This  power  of  the  mature  plant  to  resist  the  action  of  salt  better 
than  seeds  or  young  plants  can  resist  it,  has  been  illustrated  by 
methodical  experiments.  Becquerel,  for  example,  found  that 
while  the  seeds  of  wheat  and  barley  were  more  readily  injured  by 
salt  than  those  of  ray-grass  and  white  mustard,  the  young  plants 
could  bear  larger  amounts  of  salt  when  they  became  more  fully 
developed. 

According  to  Heiden,  the  susceptibility  of  seeds  to  salt  may 

s  Compare  BuUetiu  of  the  Biusey  Institatlon,  II,  370. 
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perhaps  explain  in  some  part  the  repate  in  which  salt  is  held  as  a 
means  of  destroying  weeds.  For,  when  applied  to  the  land  some 
little  time  before  a  crop  is  sown,  salt  may  possibly  kill  many  weed- 
seeds  and  cripple  so  many  of  the  weeds  which  do  germinate,  that 
the  crop  proper  may  with  comparative  ease  gain  full  possession  of 
the  field.  He  urges  in  general  that  for  the  best  advantage  of  a 
crop,  salt  should  be  applied  to  the  land  either  some  little  time  be- 
fore seeding,  or  so  long  after  the  crop  has  started,  that  the  plants 
may  have  become  strong  enough  to  resist  its  hurtful  action. 

It  is  safe  to  say  that  the  above-mentioned  plan  of  irrigating 
crops  with  brackish  water  could  hardly  be  persisted  in  for  any 
great  length  of  time  on  one  and  the  same  piece  of  land.  Voelcker 
tells  of  land,  purposely  irrigated  with  sea-water,  under  the  mis- 
taken idea  of  improving  it,  which  was  rendered  unproductive  for 
several  years,  and  it  is  a  matter  of  record  that  long  experience  at 
the  South  of  France  has  shown  that  any  soil  which  becomes 
visibly  covered  with  a  slight  incrustation  of  salt  in  times  of 
drought  IB  improper  for  cultivation  unless  special  pains  are  taken 
to  prevent  the  surface  from  becoming  dry.  £ven  as  a  temporary 
device,  great  care  would  need  to  be  exercised  in  using  saline 
water  for  irrigation.  Several  instances  have  been  reported  in 
England  of  attempts  to  irrigate  land  with  sea-water  which  turned 
out  to  be  utter  failures.  The  land  was  made  sterile  for  two  or 
three  years.  As  Stood  has  suggested,  although  brackish  water 
may  sometimes  promote  the  growth  of  crops  temporarily,  the  con- 
tinuous use  of  such  water  would  assuredly  do  harm.  He  admits 
that  irrigation  with  slightly  saline  water  may  do  good  during  those 
months  when  rain  falls  so  frequently  that  the  ground  is  kept  fairly 
moist,  but  he  has  obsei*ved  in  dry  summer  weather  that  the  saline 
solution  becomes  so  concentrated  by  evaporation  that  enough  salt 
is  brought  to  the  surface  of  the  land  through  capillary  action  to 
kill  the  crop.  Any  water  which  contains  more  than  one-thousandth 
part  of  salt  cannot  be  recommended  for  irrigation,  although  his 
experiments  show  that  water  which  contains  as  little  as  one  two- 
thousandth  part  of  salt  may  still  exert  an  appreciable  action  in 
setting  free  fertilizing  matters  in  the  soil.  Storp  has  noticed  that 
a  solution  of  salt  as  weak  as  the  one  last  mentioned  hindei*ed  the 
germination  of  barley,  while  a  one-thousandth  solution  arrested 
the  germination  of  this  grain  well-nigh  completely. 

The  French  chemist,  Plagniol,  insisted  long  ago  that  soils  con- 
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tainiDg  more  than  2  ^  of  salt  are  unfit  for  the  growth  of  any 
plants  other  than  samphire,  saltwort  or  the  like,  and  that  even 
these  saline  plants  cannot  thrive  in  soils  that  contain  5  %  of  salt. 
But  Deh^rain  maintains  that  the  teachings  of  French  experience 
indicate  that  soils  which  are  habitually  moist  may  contain  as  much 
as  2  <^  of  salt  without  being  unfitted  to  bear  agricultural  crops, 
although  in  soils  that  dry  out  easily,  the  presence  of  1  %  of  salt 
is  sufficient  to  cause  sterility.  Gasparin  admitted  that  soils  which 
contain  no  more  than  0.02  ^  of  salt  can  yield  good  crops  of  wheat, 
but  that  ten  times  this  amount  is  more  than  wheat  can  bear. 

It  is  true,  however,  that  there  are  districts  at  the  south  of  France 
where,  by  taking  care  to  mulch  the  land  with  rushes  when  the 
grain  is  sown,  excellent  crops  of  wheat  are  grown  habitually  on 
soils  so  saline  and  alkaline  that  they  cannot  be  ploughed  when 
moist  because  the  furrows  would  be  puddled,  and  would  dry  out 
to  unbreakable  clods.  In  case  dry  weather  should  set  in,  in  the 
spring,  the  root-crowns  of  wheat-plants  standing  in  this  soil 
would  be  crushed  by  the  hardening  of  the  land  if  no  pains  had 
been  taken  to  provide  a  mulch  to  keep  the  surface  moist.  (Gas- 
parin.) 

AU  ' '  SaUa '  *  are  Dangerous, 

It  is  evident  that  experiences  such  as  the  foregoing  teach  a  very 
emphatic  lesson  as  to  the  danger  which  must  attend  the  use  of  any 
kind  of  saline  fertilizer.  When  common  salt,  or  muriate  of  potash 
(as  has  been  explained  already) ,  or  any  analogous  substance,  is 
strewn  upon  the  land,  each  particle  of  the  salt  will  unite  with  the 
water  in  the  boU  to  form  a  concentrated  solution  which  might  act 
to  destroy  seeds  or  young  plants.  This  danger  will  be  done  away 
with,  of  course,  if  the  all-too-concentrated  solution  can  be  ade- 
quately diluted  either  by  the  presence  of  abundant  moisture  in  the 
soil,  or  by  rains  which  may  fall  between  the  times  of  strewing  the 
fertilizer  and  sowing  the  seed.  In  order  to  be  safe,  the  saline 
fertilizers  should  be  applied  months  before  the  time  of  sowing 
seeds,  or  just  before  rain,  or  long  enough  before  seeding  to  allow 
for  the  coming  of  rain  ;  or  the  salt  may  be  applied  to  a  growing 
crop  in  rainy  weather.  In  any  event,  too  large  a  dose  of  the 
saline  matter  must  be  avoided  lest  the  plant  should  finally  suffer 
in  time  of  drought  when  the  solution  brought  to  it  and  to  the  sur- 
face of  the  soil  by  capillary  action  becomes  too  much  concentrated 
through  evaporation.     It  has  been  said  of  Utah,  that  ''  The  alka- 
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line  nature  of  the  soil  is  injarious  to  vegetation,  though  potatoes, 
squashes  and  melons  are  made  sweeter  by  a  small  admixture  of 
it." 

It  was  thought  formerly  in  England  that  salt  must  be  particularly 
useful  for  mangolds,  since  the  beet  grows  naturally  upon  the  sea- 
shore. As  has  already  been  set  forth,  salt  was  frequently  applied  at 
one  time  to  this  crop,  and  many  statements  have  been  published  in 
evidence  of  its  utility.  After  studying  the  question  with  care,  as  has 
been  stated  on  a  previous  page,  Yoelcker  made  the  following  state- 
ments :  ^^If  I  am  not  mistaken,  salt  seldom  produces  any  good  effect 
upon  mangolds  on  stiff,  calcareous  clays;  whilst  on  light,  sandy  soils, 
if  my  experience  teaches  me  true,  it  is  generally  applied  with  great 
success.  It  would  be  wrong  to  say,  in  a  general  way,  that  salt  is  of 
no  use  to  mangolds;  all  that  can  be  said  with  propriety  of  my  exper- 
iments is,  that  in  many  of  them  salt  did  not  produce  a  decidedly  ben- 
eficial effect  upon  that  crop.  .  .  .  That  salt  is  often  injudiciously 
applied  to  the  land  can  hardly  be  denied;  but,  at  the  same  time,  its 
utility  on  light,  sandy  soils,  I  think,  cannot  be  gainsaid.  Some  of  my 
own  experiments  appear  to  countenance  this  view,  and  to  agree  well 
with  the  experience  of  many  intelligent  light-land  farmers.  ...  It 
would  appear,  from  some  of  my  experiments,  that  on  poor,  sandy 
soils,  as  large  a  dressing  as  9  cwt.  of  salt  to  the.acre  may  be  used  with 
advantage,  though  I  do  not  recommend  so  large  a  dose.  Probably  4 
to  5  cwt.  is  a  sufficient  dressing  on  the  lightest  sands;  and  on  good, 
sandy  loams,  and  warm,  friable  turnip-soils,  3  cwt.  will  probably  give 
a  better  result  upon  mangolds  than  a  larger  dose.  .  .  .  Occasionally 
salt  does  more  harm  than  good,  not  only  to  mangolds  but  to  other 
crops  as  well;  and  I  have  no  hesitation  in  saying  that,  in  cold  sum- 
mers, even  a  moderate  dressing  is  injurious  to  mangolds,  when  the 
crop  has  to  be  grown  on  a  cold,  calcareous  clay,  or  on  similar  stiff 
soils.  ...  It  appears  from  my  experiments  on  a  poor,  sandy  soil, 
that  salt  (used  in  conjunction  with  fannyard-manure)  has  a  very 
marked  influence  in  promoting  the  development  of  the  leaves  of  beets. 
On  light,  sandy  soils,  mangolds  are  liable  to  pass  too  i*apidly  through 
all  the  stages  of  their  growth,  and  to  yield  a  poor  crop.  If  I  am  not 
mistaken,  salt  checks  this  tendency  in  a  great  measure,  and,  by  keep- 
ing the  tops  in  a  healthy  growing  condition,  contributes  ultimately  to 
a  larger  produce  of  roots  on  light  land." 

Salt  as  a  Oermidde, 

It  is  still  an  open  question  as  to  how  much  good,  if  any,  is  to  be 
attributed  to  salt  as  a  means  of  destroying  fungi  and  insects  when 
used  in  such  comparatively  small  quantities  as  are  commonly  ap- 
plied to  the  land.  It  is  not  impossible  that  there  may  be  some- 
thing in  the  idea,  since  it  is  a  well-known  fact  that  strong  brine 
will  destroy  many  fungi  and  spores  of  fungi  that  are  injurious  to 
plants. 

Some  English  farmers  have  maintained  that  salt  is  a  far  more 
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efficient  agent  than  lime  for  destroying  slugs.  It  has  even  been 
claimed  that  1  cwt.  of  salt  to  the  acre,  sown  upon  land  in  which 
slugs  have  been  noticed,  will  destroy  them  completely,  without  in- 
jury to  the  wheat.  Others  have  urged  that  salt  scattered  upon  the 
land  at  the  rate  of  4  or  5  bushels  to  the  acre,  before  the  crop  is 
sown,  is  certain  to  destroy  the  slugs  when  they  come  forth  at 
night,  or  after  a  shower,  to  feed.  Another  receipt  reads  :  "  Sow 
salt  over  wheat,  6  bushels  to  the  acre.  On  a  moist  morning  it 
will  destroy  the  worms  and  slugs,  while  on  light  soils  it  tends  to 
shorten  and  brighten  the  straw,  and  to  increase  the  yield  of  grain. 
On  clay  lands  it  is  said  to  render  the  soil  too  moist,  and  to  give 
an  unhealthy  look  to  the  young  plants."  So,  too,  a  mixture  of  2 
cwt.  of  salt  and  1  cwt.  of  guano  to  the  acre,  sown  at  early  dawn 
after  a  still,  dewy  night,  upon  young  mangolds,  has  been  found 
an  effective  means  of  destroying  slugs,  which  are  apt  to  feed  upon 
the  tender  seed-leaves  of  the  beets,  to  the  serious  injury  of  the 
crop. 

In  England,  salt  is  often  sown  upon  lawns,  at  the  rate  of  10 
bushels  to  the  acre,  for  the  purpose  of  destroying  earth-worms ; 
or,  at  the  least,  to  prevent  the  formation  of  worm  casts.  Here  in 
Massachusetts  an  instance  has  been  reported  of  the  successful  use 
of  salt  upon  grass  that  had  been  injured  by  worms  (grubs?)  eat- 
ing the  roots.  Applied  at  the  rate  of  40  bushels  to  the  acre,  the 
salt  killed  the  woims  and  caused  the  grass  to  grow  vigorously. 
As  a  remedy  for  cut-worms,  salt  has  sometimes  been  strewn  upon 
the  ground  before  spading  it;  but  muriate  of  potash,  or  even  ni- 
trate of  soda,  would  probably  answer  the  purpose  better.  It 
should  be  noted,  moreover,  that,  as  the  experiments  of  Geubel 
show,  solutions  of  salt  need  to  be  rather  strong,  in  order  that  they 
may  destroy  slugs,  or  worms,  or  insects.  In  view  of  the  speedy 
and  enoi*mou8  dilution  to  which  the  comparatively  small  quantities 
of  salt  ordinarily  applied  for  fertilizing  purposes  must  be  subjected 
in  the  soil,  it  is  hardly  possible  that  many  slugs  can  be  killed  by 
them  unless  the  conditions  happen  to  be  particularly  favorable. 
It  is  not  improbable,  however,  that  even  dilute  saline  solutions 
may  be  so  distasteful  to  the  worms  that  they  may  be  somewhat 
hindered  from  attacking  the  crops. 

The  following  statement  as  to  the  usefulness  of  salt  was  made 
a  few  years  since  by  one  of  the  most  successful  planters  at  the 
South. 
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*'  I  have  used  salt,"  he  says,  **  for  fifteen  or  more  years.  I  find 
it  essential  to  success  on  all  lands  like  mine,  and  most  of  the  oot- 
ton-lands  are  like  mine.  300  lb.  of  salt  and  200  lb.  of  plaster 
are  almost  a  total  preventive  of  rust,  which  is  one  of  the  worst 
enemies  the  planter  has  to  contend  with.  Salt  makes  cotton  bear 
longer  in  the  season,  and  stand  drought  better ;  it  increases  the 
quantity,  and  improves  the  quality.  It  acts  equally  well  on  coi-n, 
oats,  and  other  grains,  and  it  toughens  wheat-straw  so  that  there  is 
less  waste  from  ears  breaking  off  when  the  crop  is  cut." 

But  here  again  chloride  of  potassium  might  perhaps  do  better 
service  than  chloride  of  sodium. 

Common  salt  is  said  to  have  been  used  at  one  time  to  a  consid- 
erable extent  in  Switzerland  as  an  addition  to  the  liquid  that  drains 
out  of  the  dung-heaps  into  pits  which  are  made  to  receive  it.  The 
mode  of  action  of  the  salt  in  this  case  has  not  been  explained,  but 
good  effects  are  said  to  result  in  practice  from  its  use.  Possibly 
it  acts  as  a  preservative  by  hindering  fungi  from  acting  on  the  ma- 
nure. Probably  some  of  the  Stassfurt  products  would  be  better 
for  this  purpose  than  salt. 

In  speaking  thus  of  the  possible  utility  of  salt  as  a  germicide, 
it  needs  to  be  borne  in  mind  that,  in  field  practice,  too  heavy 
dressings  of  salt  would  be  apt  to  do  harm,  by  destroying  the  use- 
ful micro-organisms  which  act  to  keep  land  sweet  and  mellow ; 
that  is  to  say,  which  prevent  the  humus  of  the  soil  from  becom- 
ing acid.  The  remark  of  Voelcker,  just  now  cited,  that  in  cold 
summers  salt  often  does  harm  on  stiff  soils,  would  seem  to  point 
to  this  conclusion ;  and  so  do  the  statements  of  other  observers, 
who  have  noticed  that  salt  water  sometimes  makes  land  hard  and 
sour. 

Action  of  Salt  and  Lime  in  Soils, 

The  action  of  a  mixture  of  salt  and  lime  in  compost-heaps  has 
already  been  explained  as  due  to  the  formation  of  a  small  quantity 
of  sodium  bicarbonate,  which  causes  the  peat  or  other  oi'ganic 
matter  to  ferment.  Cases  are  upon  record  where  exceptionally 
strong  and  heavy  wheat  has  been  grown  upon  clover-sod  that  had 
been  dressed,  at  the  rate  of  25  to  35  bushels  to  the  acre,  with  a 
mixture  of  1  part  salt  and  2  parts  lime  that  had  been  left  in  heaps 
for  two  or  three  months,  with  occasional  stimng,  before  applying 
it  to  the  land.  A  particularly  advantageous  method  of  using  the 
mixture  is  said  to  be  to  mix  it  with  water  before  spreading  it  upon 
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the  land ;  10  or  15  tons  of  water  were  used  to  the  acre,  together 
with  the  25  or  35  tons  of  the  salt  and  lime  mixture. 

In  like  manner,  salt  mixed  with  lime  has  occasionally  been  found 
to  be  a  useful  application  upon  reclaimed  and  drained  peat-bogs, 
and  upon  the  so-called  ^'  mosses  "  of  Lancashire.  The  mixture  is 
said  to  destroy  .the  mossy  character  of  the  surface  of  such  bogs, 
and  to  serve  as  an  excellent  preparation  for  a  first  crop  of  pota- 
toes. Indeed,  there  are  upon  record  not  a  few  farm  experiments 
where  the  application  of  lime  and  salt  to  the  land  has  increased 
the  yield  of  crops.  As  has  been  said  already,  chloride  of  potas- 
sium would  perhaps  be  better  than  chloride  of  sodium  to  use  with 
the  lime ;  and,  in  so  far  as  concerns  the  compost-heap,  it  would 
probably  be  more  advantageous  to  buy  caustic  soda  outright,  or, 
better  still,  to  buy  caustic  potash,  which  is  equally  strong  with  soda 
as  an  alkali,  and  is  a  true  manure  into  the  bargain. 

It  is  to  be  noted  moreover  that  the  power  of  salt  and  carbonate  of 
lime  to  react  upon  one  another  when  in  presence  of  carbonic  acid, 
with  formation  of  sodium  carbonates,  may  explain  a  certain  class 
of  cases  in  which  salt  has  proved  efficacious  as  manure.  In  this 
way,  when  salt  is  applied  to  a  limestone  soil,  there  may  really  be 
given  to  the  land  a  dressing  of  carbonate  of  soda,  and  of  the 
efficacy  of  this  substance  to  promote  the  decay  of  humus  and  the 
disintegration  as  well  as  the  binding  of  soils,  there  can  be  no 
question. 

Indeed,  it  is  hard  to  escape  the  conviction  that  there  must  be 
soils  the  fertility  of  which  is  promoted  in  this  way.  For  it  is  seen 
in  alkali  deserts  that  the  reaction  between  salt  and  limestone  does 
really  occur  in  nature ;  the  only  trouble  in  this  special  case  being 
that  the  reaction  is  too  strong  for  tlie  pui*poses  of  agriculture.  So 
much  of  the  sodic  alkali  has  been  formed  in  these  cases  that 
plants,  or,  at  the  least,  the  texture  of  the  soil,  have  been  destroyed 
by  it.  But  inasmuch  as  it  is  known  that  small  quantities  of  the 
alkaline  soda-carbonate  may  be  beneficial  both  to  plants  and  to 
some  soils,  it  seems  plain  that  this  substance  must  sometimes  con- 
duce to  fertility,  even  when  it  has  been  formed  naturally.  It  is 
difficult  not  to  believe  that  there  are  somewhere  in  the  world  local- 
ities where  the  reaction  between  salt  and  limestone  may  occur 
habitually  in  the  proper  degree.  One  merit  of  the  soda-carbonate 
is,  that  it  can  dissolve  to  an  appreciable  extent  phosphate  of  iron 
such  as  is  formed  in  the  soil.     Voelcker  observed,  in  several  in- 
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stances  where  fertilizers  of  various  kinds  were  applied  to  perma- 
nent pastures,  that  applications  of  mixed  lime  and  salt  considerably 
increased  the  yield  of  grass,  while  salt  used  by  itself  diminished 
the  crop. 

AJkcUi  Soils. 
Beference  has  already  been  made,  under  Potash',  to  the  fact  that 
the  action  of  carbonate  of  soda  may  be  extremely  harmful  when 
too  much  of  it  is  present  in  a  soil.  There  are  to  be  found,  in- 
deed, in  many  countries  where  the  rainfall  is  somewhat  scanty, 
patches  of  low-lying  land  which  contain  so  much  of  this  alkali  that 
their  cultivation  is  often  extremely  difficult  or  even  impossible,  in 
case  the  soil  is  naturally  clayey  or  impermeable,  unless  pains  are 
taken  to  remove  or  to  destroy  the  carbonate.  As  will  be  explained 
under  Irrigation,  the  soluble  alkali  may  be  completely  removed 
from  any  land  which  is  provided  with  tile-drains  and  artificially 
watered ;  and,  as  has  been  stated  already,  it  is  often  possible  to 
decompose  the  carbonate,  sufficiently  for  practical  purposes,  by 
applying  gypsum  to  the  land. 
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